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| | Maxweld 
. | | reinforces 
| \ ia 


I} 


; : The reinforcement fabric used 
in the roads at the Marchwood 
; Generating Station 
(C.E.A. Southern Division) 
| was supplied by Richard Hill. 
Do you need reinforcements? 
Then call up the Maxweld 
man! He can give you all the 
facts on the type and quantity 
of fabric you’ll need plus a 
- rough idea of the cost. 
_. And he’s backed by the 


Richard Hill Design Service, 
who can then draw up more 
‘ detailed plans and estimates. 
You can get him at 
Middlesbrough (2206), 
London (Mayfair 3538), 
: Birmingham (Midland 5625), 
d Manchester (Central 1652), 
Leeds (2-7540), Bristol (24977), 
Glasgow (Central 2179), — 
Nottingham (Bulwell 27-8383), 
Bournemouth (Westbourne 
63491), Cardiff (46552), 
- Belfast (29126), 


:  Maxweld fabric 
is manufactured by RICHARD HILL LIMITED (Established 1868) ss 


Newport Wire and Rolling Mills, Middlesbrough, Yorkshire. Tel: Middlesbrough 2206 _ 
A MEMBER OF THE FIRTH CLEVELAND GROUP ‘ 
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STEELWORK 


Specialists in the design, 
production and erection 

of steelwork for any 
type of project 


THOS W. WARD LTD 


Acb-B1.O°:N Wi OR KS. Se BEF Er 


TELEPHONE: 26311 (22 Lines) ° TELEGRAMS: FORWARD, SHEFFIELD 
LONDON OFFICE: BRETTENHAM HOUSE-LANCASTER PLACE-STRAND-W.C.2 
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Steelwork by..----; 


British Railways, Lincoln. Modernisation of Holmes Yard Goods Depot. Structural Steelwork for 
Perambulation Shed. : 
The works ave under the general direction of A. K. Terris, M.I.C.E., Chief Civil Engineer, Eastern Region 
British Railways, with C. H. Dobbie & Partners as the Consulting Engineers and William Moss & Sons 
Ltd., as the main Contractors. 


& COMPANY LIMITEL 


PELRSOM ---- 


Structural Engineers & Contractors 


Over eighty years accumulated experience in the design, fabrication 
and erection of every type of constructional steelwork, riveted or 
welded. 


Personal attention is assured to all enquiries, and our advisory and 
designing staff is at your service to bring their skill and experience 
to your particular problem. 


Emergency requirements can be promptly executed from stock 
materials, 


Gray’s Inn Chambers, 20 High Holborn, London, W.C.| 


TELEPHONE: HOLBORN 2181 (PRIVATE BRANCH EXCHANGE) TELEGRAMS: ALLEGRETTO, HOLB., LONDOD 
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NOT WITH THIS ROOF 


An atmosphere full of moisture and acid-laden soot and 
smoke... that is what causes the rapid deterioration of 
the roofing and cladding of industrial buildings. How to 
deal with this menace is a problem to which, until 
recently, there has been no satisfactory solution. 

Now there is an answer — ‘ Corroplast’ corrugated 
sheets resist corrosion. Experience has proved that after 
FOR CONTEMPORARY CLADDING TOO many years’ exposure in the most severe conditions, 
‘Corroplast’ sheets do not deteriorate. 
veh - These strong, rigid, laminated plastic sheets are 
contemporary buildings, giving a most colourful ; 

economical, too. They last longer than any other sheets, 


ttractive rance. Available in three ; E 
ead nee Abpes : need no maintenance, and are free from breakages in 
integral shades, or in a range of stove-enamelled ‘pnioait 


‘Corroplast’ is also ideal as side-cladding for 


finishes. For roofing and cladding where corrosion is worst, 
always specify ... 


Write or phone to: ’ 
HOLOPLAST LIMITED SALES OFFICE, DEPT. 302, 116 VICTORIA STREET, LONDON, S.W.1. TEL: VICTORIA 9354/7 & 9981 
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made quite sure 


RUSTODIAN 


is the primer for 
galvanized steel 
windows 


Wd 


lll 


Y 


Wy 


Rustodian has convinced Henry Hope & Sons Ltd., 
that there is nothing like a Calcium Plumbate 
Primer for galvanized metal window frames. 
Hope’s are one of the largest makers of galvanized 
metal window frames in this country. 


In their own words, in their own catalogue, they say :— 
“PAINTING. Asa priming coat we recommend the use of calcium 
plumbate primer *‘RUSTODIAN’. This paint will adhere firmly to 
a newly galvanized window without any prior etching treatment. 
We deprecate the use of mordant solutions applied to windows ona 
building site. Calcium plumbate primer ‘Rustodian’ forms a good 
base for any good oil paint. 

It is advisable to apply the primer before glazing.”” 


The exceptional adhesion and rust inhibiting 
properties of Rustodian are commending it to many 
other manufacturers, public authorities and architects 
for all iron and steel and galvanizing. Rustodian is 
manufactured under British Patent No. 574826. 


* Associated Lead Manufacturers Limited 
ASSOC I AT ir O L e A D is a single Company which specialises in the 
manufacture of Lead Pigments and Lead Paints 
CLEMENTS HOUSE, 14 GRESHAM ST., 


LONDON, E.C.2. ASSOCIATED | 
CRESCENT HOUSE, NEWCASTLE, vas 
LEAD WORKS LANE, CHESTER 

EXPORT ENQUIRIES: ASSOCIATED LEAD MANUFACTURERS EXPORT CO, LTD., CLEMENTS HOUSE, 14 GRESHAM STREET, LONDON, E.C 
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On the right of the top illustration is Tron Trades 


House, built by Dorman Long before the war. 


4 


f . gn) 
'h ’ . Tae 
™ Architects: Wimperis, Simpson & Fyffe. 
" ’ ' "i Consulting Engineers: R. 'T. James & Partners. 
+ | Fal ’ Janeral C at atat 
ra f _ i by “en, General Contractors: 


Holland & Hannen and Cubitts Led, 


STRUCTURAL STEELWORK 
Che illustrations show the office building in Grosvenor Place 
being erected for Associated Electrical Industries Limited. 


Steelwork by Dorman Long (Bridge & Engineering) Ltd. ' Bit ives! 
stee 


fabricated by us 
DORMAN L rte 
\PORMAN LONG (Bridge & Engineeving) LTD, DORMAN LONG (Steel) LTD. our own works and, 
when required, 


is erected in any part 


of the world, 


NO. i3 OF A SERIES SHOWING TECHNICAL DEVELOPMENTS IN CONCRETE CONSTRUCTION 


This is one of over fifty prestressed 
concrete bridges in New Zealand 
pioneered by B & B Concrete Co. 
Ltd. using Johnsons wire. Varying 
in span from 30 ft. to 120 ft., they 
have drastically cut the costs of 
bridge building in terms of time, 
money and traffic interference. Speed 
was essential on the Kumeu contract. 
The first of the beams was delivered 
to site at the end of October 1955, 
and the bridge had to be open for the 
Christmas holidays. For further 
details write for leaflet. 


Contracting Authority : Ministry of Works, 
Auckland. 


Design : Pre-stressed Concrete 
ONEZ>) wot: 


Sub-Contractors ;: B & B Concrete Co. 
Ltd. 


Bridge Building — the new way 


The Structural Engineer 


aw, 


Prestressed concrete bridge on Kumeu-Helensyille main highway, North Auckland, New Zealand 


Johnsons were in at the start with wire for prestressed 
concrete. Their specialist designers studied and worked 
with the Continental pioneers in the development of the 
technique, and today Johnsons wire is specified in the vast 
majority of important prestressing contracts. 


[eo eee AO 
| Wire was essential— | 


| 
| | 
| of course?! 
L. ee oe 


Richard Johnson & Nephew Ltd., Manchester, 11. Telephone EASt 1431 
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B.B.C. 
TELEVISION CENTRE 


WOOD LANE, W.12 
Second Stage Development 


DEVELOPMENT OF THE NEW B.B.C. TELEVISION CENTRE IS BEING CARRIED OUT UNDER THE DIRECTION OF 
GRAHAM DAWBARN, ESQ., C.B.E. (NORMAN & DAWBARN), ARCHITECT 
in association with 
M. T. TUDSBERY, ESQ., C.B.E. (THE CONSULTING CIVIL ENGINEER TO THE B.B.C.) 
GENERAL CONTRACTORS — MESSRS. HIGGS & HILL LTD. 


Steelwork Fabricated and Erected by 


f.G.SOMES 


AN DB COM PAN Y LiMti T E D 


Head Office nm South Wales Office 


Wood Lane, London, W.12 Bute Street, Cardiff 


Tel: SHEpherds Bush 2020 group Tel: Cardiff 28786 
or orn 


Works: Shepherds Bush, London. 
Neasden, Middx. Treorchy, Glam. 
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why pay u 


for covering down 


when there’s , 
g 
MEMBRANE CURING LIQUID 


A one coat application of Ritecure is sufficient 
to ensure perfectly controlled curing of 
concrete in either hot or cold climates. 


Simply sprayed on. Ritecure eliminates covering 
down and wetting and results in a first-class 
job at sensibly reduced labour costs. 


. N A For further information write : 
36 Victoria Street, London, S.W.1. 


FOR CONCRETE ASSISTANCE 


Stuart B. Dickens provide an ad- 
visory service staffed by practical field 
men qualified to discuss and help with 
specific problems of concrete. The 
service, which is free, includes where 


required the preparation of detailed 


specifications and quantity estimates. 


Tel: Abbey 4930 & 6157 


STU A RT B. D | C K EN S LT D. Works: Manor Way, Boreham Wood, Herts. 
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BUCKLERSBURY HOUSE STANDS ON 
Ca 3,500 BORED PILES 


vrmbithras la This important Office Building in the City 

: C of London, I7 storeys high including the base- 
ment floors, is supported on Cementation 
Bored Piles. Approximately 3,500 were 
constructed well within the contract time 
despite the fact that delays were unavoidably 
occasioned by the deliberations on the fate of 
the Mithras Temple discovered on the site 
and other major difficulties inevitable on such 


discovered. 


a large site. 

The construction of a surrounding wall 
to retain the adjoining Queen Victoria Street, 
Cannon Street and Bucklersbury was greatly 
facilitated by the use of our bored piles. 


The close proximity of important buildings 
including the Mansion House and services 
such as the Underground Railway made it 
necessary to reduce noise, vibration etc., to 


COMPANY LIMITED 


an absolute minimum. 


HEAD OFFICE: 20, ALBERT EMBANKMENT, LONDON, S.E.I1. Tel: RELiance 7654 
WORKS: &*OFFICES: BENTLEY: WOR K Si D ON:GANS T ER See) el c054 leo cue nee 


BRITAIN'S ATOMIC — 
FACTORIES 


SeHatield 


UNDER DIRECT CONTRACT WITH THE MINISTRY OF 
WORKS ALEX, FINDLAY & CO. LTD, MOTHERWELL 
: HAVE SUPPLIED, DELIVERED AND ERECTED OVER 


ie 
Pett 


con STEELWORK 


rs 
. fi TO BUILD THE PLANT AT WINDSCALE 
: WORKS, SELLAFIELD FOR UNITED 
KINGDOM ATOMIC ENERGY 


One of the Pile Buildings 
with Blower Houses under 


repo ar HA gare ee gos istancatit - eiatneds Se ‘ J - " 2 AUTHORITY. 
(By kind permission of United wiciaiail oie ‘ ‘ 
Kingdom Aiomie enerst r ™ ‘ ae r : 
ALEX Fe MOTHERWELL - SCOTLAND 
e £ e e Phone Motherwell 2301 (6 lines) 
pa ee ee ee Aa Se era a oer eee eee ceed 
STRUCTURAL ENGINEERS Member of the Nuclear Power Plant Co. Ltd. 


LONDON OFFICE: HIGH HOLBORN HOUSE, 52/54 HIGH HOLBORN W.C.1 TELEPHONE HOLBORN 7330-5083 
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BOOTH ROAD BRIDGES 


for the nation’s new roads programme 


id. 


Br as 


eierar ) bt Mee Seed oll 


Two of the main all-welded steel girders for the 
Cuerdale Road Bridge, Preston-by-Pass, being 
transported to site. 


The work is under the supervision of Mr. James 
Drake, B.Sc., M.I.C.E., M.I.Mun.E., County 


Surveyor and Bridgemaster to the Lancashire 
County Council. 


SPOOLS 


Structural Sieelwork for:— 


One of two riveted Steel Girders 90ft. Oins. x 6ft. Ains. 
Factories, Bridges, Power Stations, Garages, each weighing 20 Tons for the Bardsley Bridge. 


Stores, Schools, Steel Fireproof Doors and 
Rolling Shutters, Steel and Glass Partitions, 
Welded Tanks and Pressure Vessels. 


petter built with RBCQYQC) [TH =steerwork 


JOHN BOOTH & SONS (BOLTON) LTD., 


HULTON STEELWORKS, BOLTON. Tel.: BOLTON 1195. 
London: 26 Victoria Street, Westminster, S.W.1. Tel.: ABBey 7162. 
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This couldn’t 
have happened 
with a 
DOUGLAS 


site investigation! 


A weak foundation brought world fame to the Campanile 
Tower of Pisa which now leans 14ft. out of upright. 


Such a condition should not happen to-day, now that 
scientific research into the nature and characteristics 
of a building site is possible. 

Be sure that you build on a sound foundation by calling 
in The Douglas Foundation Engineering Department 
first. They have laboratory and field equipment to test 
and design for any type of foundation, check earth 
movements and the stability of slopes and cuttings and 
overcome ground water and soft clay to mention but 
a few typical problems. 


The DOUGLAS Organisation in action 


SOIL BORING 
AND SAMPLING 


TRIAXIAL 
COMPRESSION TEST 


4 > 


This test accurately measures 
the shear strength of soils under 
known stress conditions. On 
this information can depend the 
whole foundation design. 


Here careful extraction of dis- 
turbed and undisturbed soil 
samples is of utmost impor- 
tance. Specially trained boring 
crews carry out this work on 
Site. 


INDEX PROPERTIES 
OF SOILS 


The illustration shows 
apparatus used to pro- 
vide information on the 
state of materials in the 
field and to assess their 


TEST 


This apparatus is used 


to estimate the amount 


of settlement of a probable behaviour 
structure on clay soils under various condi- 
y : tions. Another vital 


factor when considering 
foundation engineering. 


eS) i fie ae 


SOIL MECHANICS & FOUNDATION | 
ENGINEERING DEPARTMENT |! 


we alt oS eo ce 


ROBERT M. DOUGLAS (CONTRACTORS) LIMITED. 295, GEORGE ROAD, ERDINGTON, BIRMINGHAM, 23. 
Telephone : BIRchfields 5261 (15 lines). 5 : London ’ Swansea 3 Liverpool ‘i Darlington 


September, 1958 13 


nies | ae wT 


Photo: Steel Company of Wales. 


Steelwork 


for 


Industrial 
Buildings 


Steel and shipbuilding are two of the All types of Steel Framed Buildings; Fixed and 


Opening Bridges; Cranes and Mechanical 
Engineering work; Dock Gates; Sliding and 


many industries served by ARROL. 


These photographs show examples of a Floating Caissons; Compressed Air Locks; 
! > ogee Hydraulic Machinery; Pipe Lines, Surge Tanks, 
common trust in ARROL’S ability to : Sluices and other equipment for Hydro-Electric 


Projects. 


meet the exact requirements of any 


modern industrial project. 
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Model of the Atomium 


“BROOMWADE” Compressed Air 


helped to build the Atomium 


At the very heart of the 1958 Brussels World Fair, visitors will find a spectacular geometrical form 
towering 360 ft. above them. 


Here, in 9 glistening spheres, each representing an atom of metal scaled up 150 thousand million times, 
the nations of the world are demonstrating the peaceful applications of nuclear energy. 

This Atomium, symbolising the constructive rather than the destructive 
forces at work in the world today, was conceived and built in a spirit of 
international co-operation. ‘‘ BROOMWADE ” Air Compressors helped by 
supplying compressed air for drilling and riveting the steel framework 
and alloy sheeting. 

A cut-out model of the latest ‘‘BROOMWADE” WR 120 Rotary Portable 
Compressor is on view at the Group Stand, British Industries Pavilion, 


Block C. 
sass * * BRO mod 
K Als OOMWADE 
LEX ORES 
Give FoR AIR COMPRESSORS & PNEUMATIC TOOLS 
GAVE Your best investment 
BROOM & WADE LTD. - P.O. Box No. 7, High Wycombe, England. - Telephone : High Wycombe 1630 (10 lines). 


Telegrams ; ‘‘Broom,’’? High Wycombe, Telex. 
5394 SAS 
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Communication depends 
on good reception 


In the matter of building, Banister, Walton can be relied 
upon to receive the idea and to convert it into reality 


with speed and exactness 


+ Ample steel stocks are immediately available 


MCN 3354 


BANISTER, WALTON & CO LTD - Fabricators and Erectors of Steel Frames » MANCHESTER » LONDON « BIRMINGHAM 


16 The Structural Engineer 


Each year the Blue Circle Group of Companies 


spends over £300,000 on research. The results of this 
research can be seen in the consistently 
high quality of the Group’s products, and in the availability 
of new and improved materials for structural and 
decorative concrete developed in the research laboratories. 
The Blue Circle Group is the largest cement 
organization in the World. Make use of its many 


services and profit from its resources. 


BLUE CIRCLE PRODUCTS include 


BLUE CIRCLE, PELICAN & DRAGON BRANDS OF ORDINARY PORTLAND CEMENT * FERROCRETE - ‘417’ CEMENT 
SULFACRETE ‘ HYDRACRETE : SNOWCRETE * COLORCRETE * HYDRALIME * WALCRETE * SUPER SNOWCEM ETC. 


THE CEMENT MARKETING CO. LTD. PORTLAND HOUSE, 
TOTHILL STREET, LONDON, S.W.I. TELEPHONE ABBEY 3456 
G. & T. EARLE LIMITED, HULL TELEPHONE HULL 16121 
THE SOUTH WALES PORTLAND CEMENT & LIME CO. LTD. 
PENARTH, GLAM, TELEPHONE PENARTH 57301/4 


Selling Organizations of 

THE ASSOCIATED 

PORTLAND CEMENT MANUFACTURERS LTD. 

THE BRITISH PORTLAND CEMENT MANUFACTURERS LTD, 
ALPHA CEMENT LTD. 
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RIVETEDo WELDED 
S|TE/E|L WiO\jR|K 


SKINNINGROVE 
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everywhere 


ALGERIA 
ARGENTINE 
AUSTRALIA 
AUSTRIA 
BELGIUM 
BELGIAN CONGO 
BRAZIL 

BRITISH EAST AFRICA 
BRITISH GUIANA 
BRITISH WEST AFRICA 
BRITISH WEST INDIES 
CANADA 
CEYLON 
CYPRUS 
DENMARK 
EGYPT 

EIRE 

FINLAND 
FRANCE 
GERMANY 
GREAT BRITAIN 
HOLLAND 

HONG KONG 
INDIA 

IRAQ 

ITALY 

LEBANON 
MALAYA 
MEXICO 
MOZAMBIQUE 
NEW ZEALAND 
NORWAY 
PORTUGAL 
RHODESIA 
SOUTH AFRICA 
SPAIN 

SWEDEN 
SWITZERLAND 
SYRIA 

TURKEY 
URUGUAY 
U.S.A. 
VENEZUELA 


At your Service almost 


FRANKI § 


BRAZIL HOSPITAL 


U.S.A. COKE OVENS 


The Largest Piling Organisation in the World 


THE FRANK! COMPRESSED PILE CO. LTD. - 39 VICTORIA STREET - LONDON SW1 - CABLES: FRANKIPILE SOWEST LONDO} 
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For CIRCULAR AND CELLULAR CONSTRUCTION 


19 


ROLLED EXCLUSIVELY IN THE UNITED KINGDOM BY 


Circular Cofferdam at South Denes Generating Station, 
Great Yarmouth for the Central Electricity Authority. 
Consulting Engineers: Rendei, Palmer & Tritton. 
Contractors: Peter Lind & Co. Ltd. 


Ease in driving and simplicity of control 
make Larssen Steel Sheet Piling particularly effective in civil 
engineering projects where circular and cellular construction is 


involved. The extensive range of sections enables the 


most economical choice to be made in accordance with the Technical advice and 
: assistance from the Company’s 
character and requirements of the work to be undertaken. iat ss ati ih daly ides 


SOUTH DURHAM STEEL AND IRON £OMPANY Eimis ED 


CARGO FLEET IRON WORKS, MIDDLESBROUGH, YORKS. 
Telephone: Middlesbrough 2631 (14 lines). 
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TEST BORINGS 


To ensure 
THE STABILITY OF FOUNDATIONS 
AND EARTH WORKS 


OBTAIN RELIABLE 
INFORMATION OF 
GROUND CONDITIONS 


® 

GEOPHYSICAL SURVEYS 
& 

SOIL SAMPLING & TESTING 
a 

REPORTS ON GROUND 


a Ne GROUND EXPLORATIONS L™ 


75 UXBRIDGE ROAD, EALING, W535 
Phones: EALing 1145/6 and 9251 /2 


work in progress 
is i terre: the sign of Howard 


Farrow appears there is work in 


progress. 
This photograph illustrates Pymmes 
Brook culvert, Tottenham. 
pemratisborsiaacian | Other work in progress includes 
tunnelling, sewerage, concrete 
structures, factories and domestic 


buildings. 


A Company Member of the 
British Institute of Management. 


HOWARD FARROW 


Engineer to the Board: N. Medrington, Esq., A.M.I.C.E., MAI.W.E. 
3,700 feet of reinforced concrete channel 30 feet wide x 10 feet high 
walls and dwarf centre wall. 


CIVIL ENGINEERING & BUILDING CONTRACTORS 


BANK BUILDINGS, RUSSELL PARADE, GOLDERS GREEN ROAD, LONDON, N.W.11. Telephone MEAdway 3232 
Eel 
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FROM BRITISH OXYGEN - FOR BRITISH INDUSTRY 


Flame cleaned bridge 
—paintwork | 
still perfect 


after ten years! 


Just how effective Flame Cleaning is in the 
battle against rust has been proved on the 
Spondon Railway Bridge near Derby. This 
bridge was Flame Cleaned and painted in 1944 
—ten years later the paintwork was still in 
perfect condition! Results like this prove the 
effectiveness of Oxy-Acetylene Flame Cleaning 
to reduce corrosion, prolong paint life and cut 

maintenance and replacement costs. Have 
you investigated the long term savings 
possible with British Oxygen 

Flame Cleaning ? Write for 
illustrated literature. 


British Oxygen Gases Ltd., Industrial Division, 


BRITiIs=s ox YGEN Spencer House, 27 St. James’s Place, London, S.W.1 
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Landmarks 
of Today 


ee eee ete ee eter 
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The new Boiler House for the 
I.C.1. Kynoch Works at Witton, 


Birmingham, is an impressive 


i: 


| 
vA 
“Si 
fF 


ee a ae 


fi 
ee 


? 


7 ¥ 
jt , 
4 . 
¢ q 


¥ 
4 
ty) 


5 


ay 


Bm. (tue w 4 
pero 


? 


a) 


ee | 


construction for which 


we fabricated and erected the 
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Illustration by courtesy of 
Imperial Chemical Industries Limited, 


Metals Division, 


Steelwork to the design of 
Babcock & Wilcox Limited, 


London and Renfrew. & COLTD «4 


CONSTRUCTIONAL ENGINEERS 


Registered Office and Works : Telephone: TRAfford Park 2341 (10 lines) 
OCEAN IRONWORKS - TRAFFORD PARK - MANCHESTER 17 
London Office: 68 Victoria Street, S.W.1. Telephone: VICtoria 1331/2 : Technical Offices at Birmingham & Nottingham 


dm WD 76 
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PLA HES A ND SEC TLO.NS 


ype 
a+, 
el 


= 
> 


hw: 
. 


The framework of the building (left) was constructed to a large extent from 
Appleby-Frodingham sections and plates, (right) M.S. “ Bergensfjord” built 


WW 
or Den Norske Amerikalinje A/S of Oslo has a gross weight of 18,750 tons. 
Considerable quantities of Appleby-Frodingham plates and sections were supplied 
eS to Swan, Hunter, & Wigham Richardson, Limited, the builders of this ship. 


ih, 


EBY FRODINGHAM STEEL COMPANY 


A Branch of The United Steel Companies Limited SCUNTHORPE 


£¢, 


LINCOLNSHIRE 


AF 164 
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CLEAN LINE 
twastde and ott” 


New extension for Nuclear Power Components 
Assembly Building for Messrs. TALBOT STEAD 
TUBE CO. LIMITED. Walsall. (a T.I. Group 
Company). 


LRA 


Exceptionally clean lines are the feature of th 
building, one of the many modern factory extensior 
for which the Rubery Owen Structural Division he 


been responsible. 


STRUCTURAL STEELWORK 
designed, fabricated and erected by 


RUBERY OWEN 


RUBERY OWEN & CO. LTD., STRUCTURAL DIVISION, 
P.O. Box 10. DARLASTON, WEDNESBURY, STAFFS. 
Tel.: James Bridge 3131 
Technical Bureaux: 

London . Birmingham . Coventry . Southampton 


“ OQWEN-TREAD ” 


STEEL FLOORING 
Is light in weight, 
strong and designed 
for maximum light 
penetration. These 
panels have a wide 
variety of uses in 
every industry. 


RUBERY OWEN & CO. LTD. Metal 
Equipment Division, Whitegate Factory, 
Wrexham, N. Wales. Tel.: Wrexham 3566/8 


Here's 


+e RAPID DRY-CONSTRUCTION 
4 FLEXIBLE LAYOUT 

% DE-MOUNTABLE 

% LOW COST: 

% HARD SURFACE 
_%& SOUND REDUCING 
4 DURABLE 
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Thanks to their ingenious design, STRAMIT “‘MOVAFLUSH” PARTITIONS can be erected 
really quickly. Whilst top and bottom edges of each hardboard-faced Stramit panel 
are finished with square timber, the long edges have an L-shaped member. This 
means that successive panels can be rapidly, easily fitted together to give a flush 
finish. These new, dry-construction partitions are simply placed on a sole-plate and 
secured, being fixed to one another with screws which are neatly seated in brass cups. 


STRAMIT ‘““MOVAFLUSH” PARTITIONS comprise essentially the familiar and well-tried 
Stramit building slabs and so have all the advantages of Stramit. They are strong, 
rigid, fire-resistant and have remarkable sound-deadening properties. As STRAMIT 
‘“MOVAFLUSH” PARTITIONS are faced with hardboard, they offer an exceptionally 
good surface for decoration. 


In spite of their many advantages, STRAMIT ‘“‘ MOVAFLUSH ” PARTITIONS are surpris« 
ingly inexpensive. For schemes of average size, the approximate cost is 5/- per sq. ft. 
inclusive of all timber sections, doors, screws, etc. (excluding glass) delivered to site 
ready for erection and decoration. Try STRAMIT ‘“‘MOVAFLUSH” PARTITIONS, next 
time. 


WOVAFLUSH'’ 


Please send me, without obligation, full details of Stramit 
** Movafliush ”’ Partitions, 
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STRAMIT BOARDS LTD., 
COWLEY PEACHEY, UXBRIDGE, MIDDLESEX. 
West Drayton 3751 SE.9 


. L—~—--------- 


Cn Mi ccatiicaslittecseitaciadtinecatccadttiassidloanclincoditeasiattanaattncemaMasaMasmneas teem MansaMincemene i ndMiaaelendnae tual 


26 The Structural Engineer 


A new example of the adaptability of the Lee-McCall system to 
the prestressing of materials other than concrete is the 84 ft. high 
mast between the British Pavilions, which consists of prefabricated 


steel units stressed together by six }” Macalloy bars. 


McCALLS MACALLOY LIMITED 


TEMPLEBOROUGH - SHEFFIELD - P.O. BOX 41 


: Telephone: ROTHERHAM 2076 (P.B. Ex 8 lines) 
LONDON: SLOANE 0428 PORTSMOUTH: COSHAM 7870 
BIRMINGHAM: ACOCKS GREEN 0229 NEWCASTLE: 3879 
nes oe cmt dé ed dé de ddddddddecdeddedddeededdddcdddedeedeeeedeeeee 
system McCALL & COMPANY (SHEFFIELD) LIMITED McCALLS MACALLOY AFRICA (PROPRIETARY) LIMITE 
McCALLS MACALLOY LIMITED McCALLS MACALLOY (AUSTRALIA) PTY. LIMIT! 
PRECISION ROOFS LIMITED McCALLS MACALLOY (CANADA) LIMITE 
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3 No vibration with Pressure (cast in situ) piles 
* Easily installed where headroom is as low as 6ft. 


% The sinking of piles in waterlogged strata or in 
water is a simple routine operation. 


3% Many millions feet of pressure piles already 
installed under all sorts of conditions. 
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Combined Chimney and 
Water Tower at Ilford. 
Architects : R. Duncan 
Scott & Partners. 


concrete 
achievement 


To design and produce a satisfactory structure... 
to complete it on time and economically, 
even where conditions are severe... 
oe on oe is always the aim of Tileman 
both at home and overseas. 


Reinforced Concrete Power Station Chimneys, the first in this country, 
built by Tileman at Dunston ‘B’ in 1932 and still sound throughout. 


Silo with monolithic stairway 
at West Thurrock. 


TILEMAN 


and Company Limited 


Romney House, Tufton Street, London, S.W.1. 
Telephone: ABBey 1551 
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Factory in Buckinghamshire. 


Specialists in the design and construction of reinforced concrete for Power and Industry 
Mi 
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The cement which is 


COMPLETELY IMM 


from the effects of 


SULPHATES 
N ANY CONGENTRATION 
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ALUMINOUS CEMENT 


% Concrete made with Aluminous cement is not merely resistant to attack when used in soils contain- 
ing a relatively low concentration of Sulphates. It remains immune from chemical attack by Sulphates 
in amy concentration. 


% Concrete made with ‘luminous cement is equally impervious to these conditions when in an 
immature state. From first to last it remains unaffected by Sulphates. 


+ Concrete made with Aluminous cement provides an additional margin of safety! It is also resistant 
to attack by dilute acids often prevalent in sulphate-bearing clays, made-up ground and industrial 
effluents. 


% Aluminous cement also provides concrete of unequalled high early-strength. 


CIMENT FONDU is manufactured by 


LAFARGE ALUMINOUS GEMENT COMPANY LIMITED 


73 Brook Street, London, W.1 Telephone: Mayfair 8546 
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TURBINE HOUSE 125ft. SPAN PRESTRESSED CONCRETE FRAME 


ABERTHAW POWER STATION 


DOW-MAC (PRODUCTS) LTD 


f PRESTRESSED CONCRETE 
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Progress on Britain’s 
First Motorway 


Consulting Engineers: Sir Owen Williams and Partners 


PROGRESS on the 53-mile southern section of Britain’s first full-length motor- 
way, connecting London with Yorkshire, is well advanced. Inter-linked by radio 
communication and supervised by helicopter, the whole length of the route is 
in some stage of construction. The task of moving 114 million cubic yards of 
earth is well on the way to completion. Work is proceeding rapidly—-and in 
some cases virtually completed—on 129 bridges. On several sections, the 
concrete base course is being laid. 

The remarkable speed achieved on this historic construction project since its 
inauguration on March 24th this year is a tribute to many factors; in particu- 
lar, to detailed preplanning and co-ordination of every phase, to maximum 
productive use of mechanisation, and—not least—to the splendid spirit of co- 
operation among all concerned. 


JOHN LAING AND SON LIMITED 
BUILDING AND CIVIL ENGINEERING CONTRACTORS 


GREAT BRITAIN: CANADA: UNION OF SOUTH AFRICA: RHODESIA 
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Maintenance of Plymouth Breakwater* 


By T. W. Riley, A.M.I.Struct.E., A M.I.C.E. 


Introduction 


The Breakwater in Plymouth Sound was designed 
by Mr. John Rennie in 1806, and he was responsible 
for its construction until his death in 1821, when his 
son, George, assumed the responsibility. 


The Breakwater which is isolated, is approximately 
two miles from the City of Plymouth, 1,600 yards 
from the Cornish shore to the western end, and 1,000 
yards from the eastern end to the Devon shore, and 
was constructed of random blocks of limestone which 
were dropped promiscuously from sailing vessels. 
The work on the Breakwater commenced in 1811. 
During its construction its height was raised from 
10 feet above L.W.E.S.T. to 2 feet above H.W.E.S.T. 
and the possibility was foreseen by Mr. John Rennie 
of paving the top, sea and landward slopes of large 
block of dressed limestone, and this was carried 
out after a great storm that occurred in 1824. (Fig. 2). 


It was found that the limestone facing was in- 
sufficient to withstand the force of the sea, and addi- 
tional granite bands were incorporated in the top 
and seaward slopes. The toe of the seaward slope 
constructed at low water was frequently disturbed, 
particularly at the western end, where it received 
the full force of the westerly gales. This was eventu- 
ally strengthened by the construction of a granite 
buttress, the blocks of which were dressed, dovetailed 
and lewis bolted. This buttress commenced at the 
western end and was continued to a lesser degree 
throughout the length of the seaward side to the 
eastern end. To protect the lighthouse at the western 
end, an angular buttress was built in 1838, twenty- 
seven years after the commencement of the work. 
Severe damage in 1848 was responsible for the con- 
struction of the angular buttress at the eastern end, 
and it was not until 1885 that the reconstruction 
work on the buttresses was finally complete for the 
whole of the Breakwater. It might appear that the 
buttresses had taken an immense amount of time to 
construct, but when it is realised that the foundations 
for the buttresses were at or below the level of low 
water, and the time for working and preparing the 
foundation was so limited, and that often the sea 
destroyed all the preparations that were necessary 
for setting out the blocks, the time taken will be viewed 
with tolerance, with the knowledge that 265 feet of 
the western arm buttress was destroyed in a gale in 
1867. 


The limestone for the work was obtained from 
quarries at Oreston, Devon, approximately three 


miles from the site, and the granite from Par, in 
Cornwall. 


Maintenance 


After the completion of the buttresses and the 
facing to the Breakwater, it was considered necessary 
to protect the toe and the seaward slope, and it was 
decided in 1871 to construct concrete blocks to form 
wavebreakers, and two were made ten feet in diameter 


Fig. 1.—Aerial View of Plymouth Breakwater, 


taken from the west at low water. 


and 5 ft. 4ins. deep, weighing 28 tons each. (Fig. 3). 
These were placed on the foreshore (Fig. 2) along the 
south of the western arm in the summer of that year, 
but during the following winter they were washed 
over to the north slope. The impression formed 
from this was that the cylindrical shape was most 
unsuitable for use where there is an inclined slope 
where the block could be, and quite possibly was, 
turned over and rolled up the slope and over the Break- 
water fairly easily, in contrast to the fact that a large 
limestone block of approximately 35 tons weight 
which was deposited at the same time was left un- 
disturbed. 
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Fig. 2.—Plan of Plymouth Breakwater and section on western arm. 
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Fig. 3.—Types of Wavebreakers. 
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Fig. 4.—View from Lighthouse looking south-east, showing Buttress along south side of the 


western arm, with Wavebreakers on foreshore. Taken at low water. 


Fig. 5.—View taken from Lighthouse looking north-east, showing the amount of stone washed over. 
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Whether the loss of the two concrete blocks dis- 
couraged the engineers at the time is unknown, but 
twenty nine years were to elapse before the second 
experiment of making concrete wavebreakers was 
attempted. In the meantime approximately 3,000 
tons of limestone was dropped each year to replace 
the material that was being displaced from the south 
to the north side by the gales. 


It was to prevent this loss that 8 No. 80 ton wave- 
breakers were constructed, 18 feet long by 9 feet wide, 
and 9feet high, trapezoidal in section, and were 
cast on the foreshore south west’ of the lighthouse, 
but not before some difficulties had to be surmounted. 
In the first attempt, shuttering of 12ins. x 6 ins, 
timbers were prepared and framed together, trans- 
ported to the site and secured in position on the fore- 
shore with chains to suitable anchorages at low water. 
This was found to be impractical as the formwork 
rose with the tide. A further attempt was made with 
additional means of anchoring, and this again failed. 
Finally, shuttering constructed of boarding, fastened 
to steel angles and suitably braced was found to answer 
the purpose. A total of forty eight 80 ton wave- 
breakers were constructed between the years 1901 
and 1905, and all were placed to protect the western 
arm. A gale in 1906 carried two of these blocks across 
from the south of the lighthouse to the north side, 
and the remainder were all moved bringing them 
closer together, leaving a wide breach unprotected 
south of the angular buttress. To fill this breach, 
an opportunity arose of using steel tanks, constructed 
of ths to + in. mild steel plate, well braced internally 
with angles, and were of the following dimensions : 
one, 22 feet long by 14 feet wide, and 10 feet high, 
weighing 12 tons: twenty seven tanks, 22 feet long 


by 10 feet wide and 6 feet high, weighing six tons 
each. The largest tank when filled with concrete 
would weigh 217 tons, and the smaller tanks 98 tons. 


It was considered that these “Camels” as they 
were called had every advantage, inasmuch they 
supplied additional weight and stability, could be 
easily towed out and placed into position farther 
south of the foreshore, and that the bracing would 
provide reinforcement. Should the blocks be moved 
eventually, they would not be responsible for the 
same loss that the 80 ton blocks had made, for the 
following reason. When the 80 ton blocks were 
cast on the foreshore, it was considered that these 
blocks being embedded on the large boulders that 
formed the foreshore would both strengthen the block 
and add to its weight, but, unfortunately, this was not 
found to be so, when the wavebreaker was removed 
or overturned, the irregular bottom of the block was 
found to be more liable to disintegration than the 
smooth surface of the top and sides. 


The 217ton ‘‘ Camel’ and six of the 98ton 
““Camels’’ were concreted in 1907, and were secured 
together by lengths of 24 ins. chain link cable fastened 
to heavy shackles cast in situ with the block. 


In 1908, a further six 98 ton ‘“‘ Camels ’’ were con- 
creted, and 195 12 ton blocks, the latter were 7 feet 
9 ins. long by 5 feet 10 ins. wide and 4 feet 0 ins. high. 
The latter were cast and placed throughout the length 
of the southern foreshore, and chained together with 
1}in. stud chain cable. In the following year an 
additional 300 12 ton blocks were deposited. 


It. was found in this following year, 1909, that the 
chain link cable did not improve the efficiency of the 
wavebreakers, when it was discovered after the gales 
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Fig. 7.—View showing pontoon prior to the release of 
the block under ideal conditions. | Grouted joints of 
the limestone shown in foreground. 


Fig. 8.— View of pontoon after release of block. 


Fig. 10.—View of 100 ton blocks on casting bed of 
River Plym, Oreston, Devon. 


Fig. 9.—View of foreshore, showing overturned 100 ton 
block. 
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of the 15th and 16th December, that nine of the 98 
ton blocks were washed over the western end, and 
that the 217 ton block had been reduced to 50 per 
cent of its original weight. The internal bracing of 
the ‘‘ Camel” far from providing reinforcement and 
strengthening the block, produced the opposite effect. 
The metal had corroded, and the pounding of the 
sea caused disturbance both of the metal and the 
concrete, gradually disintegrating the latter. 


The displacement of the 98ton blocks from the 
western end, drew attention to the problem that at 
this end larger blocks were necessary to resist the 
force of the sea, and provision must be made for the 
wearing of the block. 

It was proposed in 1911 to construct three 250 ton 
blocks, to be cast in situ, the concrete being mixed 
manually, and each block was to be completed during 
one tide. The first was constructed on 28th July, 
but owing to unfavourable weather conditions, it 
was only possible to complete 210 tons. Measures 
were taken to add another 40 tons of concrete by 
inserting steel lewis bolts to bond and tie the new 
concrete to the old, but a swiftly rising sea swept 
the concrete and the shuttering away. 


The second block cast on 11th September met 
with greater success. The concrete was mixed by 
hand by four gangs of workmen, making a total of 
72 men. 

In 1912, of a total tonnage of wavebreakers con- 
structed, 4,810 tons were still in position on 8th 
December, this figure representing a percentage of 
74 per cent of the original deposited. Of the 12 ton 
blocks, only 3,859 tons were still in position of a total 
of 11,340 tons, representing a loss of 66 per cent. 
The figure for the larger wavebreakers confirmed the 
impression gained at that time, that the wavebreakers 
were efficient, and that the use of them for the main- 
tenance and protection of the work should be continued. 
It was also suggested at the time, that the wavebreak- 
ers should vary in size relative to their position on 
the Breakwater, at the extreme western end where 
the force of the seas were strongest, they were to be of 
250 tons, and for the remainder they were to be of 60 
tons, 


Three 250 ton blocks were cast in situ in 1912, 
and these were the last to be constructed on the site. 


In the next year, it was decided to use two “‘ Camels ”’ 
and with them to construct a pontoon to transport 
the 60 ton blocks from the casting beds on the bed 
of the River Plym at Oreston. The casting and placing 
of these blocks were continued, except for the period 
of the First World War, and from 1925 to 1929, until 
1934. In the meantime the pontoon which had been 
in service from 1913 had reached a condition when 
it was considered desirable to obtain another to replace 
it. Designs were prepared, and estimates made for 
the new pontoon which consisted of two steel tanks, 
divided into compartments, sheeted with }in, mild 
steel plates, and stiffened with 3} ins. x 3} ins. x 3 in. 
angles. The tanks were 32 feet long, 10 feet wide 
and 8 feet 3ins. deep, and Messrs. Phillips, Ship- 
builders of Dartmouth, constructed the craft for the 
sum of £1,400 and it commenced service in 1928, 


Prior to the pontoon commencing its service, the 
question of the size of the blocks to be constructed 
again came under review, and it was decided to con- 
struct 100 ton blocks, and the first of these were 
deposited in December, 1928. In 1929, four were 
deposited south west of the Lighthouse, of which 
one was destroyed during a gale in December, (when 


The Structural Engineer 


3,000 tons of material was washed over), and which 
caused the breaking up of one of the 250 ton blocks. 


The casting and depositing of the 100 ton blocks 
continued on a fairly small scale until 1939 when 
production ceased, and it was not until 1954, when the 
question of block laying was reviewed. It was de- 
cided that the placing of the blocks should be increased 
to preserve the pitching of the foreshore, which, if 
allowed to deteriorate closer than 20 feet from the 
granite buttress might cause serious damage. 


The placing of the blocks were to be in the following 
sequence, (a) to be placed in the low areas at the 
western end, (b) to be placed in a line at the western 
end 20 feet away from the granite buttress, and at 
20 feet centres at right angles to the buttresses, (c) 
placed in line further out and in low areas along the 
eastern arm of the Breakwater, (d) to continue the 
20 foot line of blocks from the western arm to the 
eastern end of the Breakwater. Finally it was sug- 
gested to lay, in addition to the above, a line of blocks 
end to end, hard against the granite buttress. 

In support of this programme 47 were placed in 
1954. 


In the November following, a gale washed some 
3,000 to 6,000 tons of material over the Breakwater, 
and over 50 per cent of the blocks placed that year 
had been moved, some to a maximum of 15 feet, 
one being overturned. Depositing continued the 
following year when 57 were placed, and is still con- 
tinuing. 

The mix for the concrete is 1 23 6." 


A new pontoon designed and constructed on similar 
lines to the existing one, was brought into service 
in 1956, and to prevent corrosion this is cathodically 
protected. When the blocks are ready to be lifted, 
the pontoon is towed by a launch and placed over 
the block, and the block is hooked to the pontoon. 
As the tide rises the block is lifted from the bed, and 
a tug then tows the pontoon to the vicinity of the 
pre-selected site on the Breakwater. Hawsers are 
then taken from the pontoon by the crew of a dinghy 
and fastened on the Breakwater. The pontoon is 
then manually operated by its crew hauling on the 
hawsers until they reach the mark to which they are 
to release the block. 


The number of blocks that can be placed during 
a year is limited by the tides and by the weather 
conditions. They can only be delivered at high tide, 
and during the hours of daylight. 


Grouting of the joints of the blockwork has been 
carried out for a number of years since 1920, but it 
was not until 1934 that it was executed in any magni- 
tude. The mixes varying with 3 in. to 2 in. aggregate, 
making a total of 3,915 tons. What quantity of 
grouting will be required in the future is problematical, 
as the joints vary in width and depth, an example 
of the latter was shown when a bar was inserted 
a depth of eight feet. The joints between the lime- 
stone have probably been increased during their 
existence by the added effects of the flow of sea water, 
with the additional abrasive effect of small particles 
of stone driven upwards by compressed air. 


A survey made in 1955 showed that no settlement 
of any importance, if at all, has occurred on the top, 
but on the southern slope there are a number of 
blocks that appear to have subsided for a varying 
depth up to nine inches, but are immovable. 


A recent survey of the number of wavebreakers 
remaining on the foreshore south of the breakwater 
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suggests that the placing of the 100 ton blocks since 


| 1928 appears to be the answer to the question of the 


size of the block to retain the rubble foreshore and to 
provide protection to the buttresses. 


Total Tonnage Deposited :—57,930 tons. 
Total Tonnage remaining :—34,443 tons. 
Total Percentage Loss :—40.5 per cent. 


Earlier mention has been made of the placing of 
12 ton blocks, this included the weight of the vehicle 
carrying the block, and has been deducted in the 
table below. 
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In the past, movement of the blocks has been assisted 
by the lack of preparation of the site to receive a 
block. Time and tides have prevented the removal 
of the remnants of blocks previously placed, and 
blocks were deposited which left them pivoted on 
the old ones, leaving the underside of the block to 
receive the full effect of the pressure of the sea. With 
the aid of mechanical equipment these are now drilled 
and demolished with the aid of explosives, and thereby 
providing a reasonably level bed to receive a block. 


The present condition of the Breakwater, and of 
Plymouth Sound fulfils all the expectations of its 


WAVE BREAKERS 


Weight 250 


Number 
Deposited 5 


Remains 
of 1 


Number 
Existing 


Tonnage 


Placed 1250 26100 


Tonnage 


Remaining 150 23400 


Percentage 
Loss 


100% 


10.35%, 


From the above table it will also be observed that 
a number of the 100 ton blocks which were not des- 
troyed, are missing from the foreshore, having been 
discharged into deeper waters south of the foreshore. 
Before blocks are transported to the site, weather 


teports are obtained as to the suitability of the winds 


and weather conditions, and on favourable reports 
being received, operations are commenced. During 
the time taken to travel from Oreston to the Break- 
water, a distance of three miles, the weather deteriorates, 
and on reaching the marks for despatching the block, 
the swell is such that it is extremely dangerous for the 
pontoon to be manoeuvred into the position previously 
determined, and to avoid the possibility of being 
wrecked by blocks in the near vicinity the block is 
released and by this means reducing the draught of 
the pontoon. 


Tons 


75%, 


60 


164 


139 


9840 


8340 


15.3% | 100% 


eminent designer and of his son, and of the Admiralty 
Engineers who followed them, and by whom it was 
and is maintained at such little cost. 
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Note: A fuller paper on Plymouth Breakwater, for which 
the author was awarded the South Western Counties Branch Prize 
for the Session 1956/7, is in the Institution’s Library. This 
paper is a documentary history of the breakwater from very early 
times to the present day and describes the damage it has suffered 
from nature’s elements and man’s efforts to combat these terrific 
forces. It is accompanied by a large number of drawings and 
photographs, 
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Modern Trends in Prestressed Concrete Pipes 


_ By I, Alterman, M.Sc.(C.E.), A.M.I.Struct.E. 


Synopsis 


The subject of this paper is the prestressed concrete 
pipe and its structural elements. Pipes of this des- 
cription are used as high-pressure conduits, mainly 
for water supply, with a diameter range from 18 ins. 
to 108 ins. 


The various components of these pipes are designed 
and constructed with specific objectives in view and 
to suit conditions which would be difficult to meet 
by pipes of other description. 

The paper is sub-divided as follows :— 

1 Introduction 

2 Pipe Design—Generally 

2.1 Design Data 
2.2 Methods of Design 
2.3 Methods of Checking the Design 


3 Structural Description of the Prestressed Pipe 
3.1 Pipe Production 
3.2 Pipe Laying 
4 Testing an Experimental 108 ins. dia. Pipe Line 
5 Conclusions and Acknowledgments 


1. Introduction 


ANKIND thrived on water sources throughout 

the ages. It has always been rather an excep- 
tion that a community or even an industry relied on 
water carried from distances, although it was known 
how to do it for thousands of years. Even nowadays 
men prefer regions rich in water to arid ones that are 
richer in other natural resources. The reason is 
nearly always the high expenditure needed for a 
large water main and this in turn is due to the fact 
that a long water-tight structure under pressure 
requires the best materials and workmanship. Such a 
structure being a heavy charge on the resources of the 
community has to be built to last a lifetime. It is 
obvious that careful planning has to precede every 
detail of the scheme to ensure good results. 


Even the planning itself has to be planned, checked 
and tested since virtually no “ leak ’”’ can be tolerated. 
The methods for design and testing of some large 
pipe projects are reviewed in the following pages. 


2. Pipe Design—Generally 
2.1 Design Data 


Experience gained in Israel in the design of several 
hundred miles of concrete pipes, 18 ins.—108 ins. 
internal diameter, proves the following method suit- 
able :— 


(a) Meticulous study of all data pertaining to 
the design of the pipe, ditch excavation, type 
of soil, ground-water level, corrosivity of 
soil and water. 


(b) Careful note taken on all river crossings, road 
and railway data both for crossings and the 
transportation of heavy pipes to the spot (as 
well as all other existing structures both above 
and under the ground). 


(c) Contact made with all authorities concerned 
to find out future plans that may affect the 
proposed route of the pipe, such as river regu- 
lation, road and railway construction, town 
planning, or land improvement. 

(d) Since most of the above items appear over 
and over again on any large pipe-line project, 
it is possible to tabulate them, in a stencilled 
proforma, for the detailed design and final 
checking, before plans are issued to field con- 
struction. 


2.2 Methods of Design 


(a) The next step is the structural design and 
stability computations: the pipe is designed 
to take both internal pressure water hammer 
and external loading. These computations 
determine the details of pipe wall and pre- 
stressing wire. Width of excavation, bedding 
conditions of the pipe and methods of refill 
for each type of soil result from the external 
loading data. Once the depth and width of 
excavation are fixed for every stretch, stability 
computations call for the design of methods of 
excavation and strutting, as will be explained 
further on. 


(b) Preliminary sketches and figures are now 
available for an engineer’s estimate of the 
cost and a time-table for design and field work 
to be drawn up. These may now be com- 
pared with both local and world-wide practice 
and the comparison can serve as an indication 
as to whether the design is correct in principle. 
Quite often this test proves that one or several 
redesigns are warranted, such as re-routing 
the line, or even that a substantial change 
in the hydraulic scheme is called for, e.g. the 
introduction of one or more boosters, floating 
reservoirs, and the like. 


(c) Before any redesign starts, it is customary 
to check on remaining special items, such 
as special precautions against pollution of 
water in reservoirs, mainly of the open type, 
drainage systems, or surge tanks. The archi- 
tectural aspect of all structures left above 
ground after completion of works is also checked, 
such as stand-pipes, water towers, reservoirs, 
pumping stations, boosters, or valve chambers. 


2.3 Methods of Checking on the Design 


(a) A large pipe conduit is one of the most ex- 
pensive structures generally met in engineer- 
ing work. For comparison, a 108 ins. pressure 
pipe-line is about 8 times the cost of a standard 
railway line, on the average mile, whereas 
the cost of the railway includes culverts, a 
150 feet span bridge every ten miles, a full 
automatic signalling system, and land ex- 
propriation. 

(b) Modern design of a large pipe calls for care- 
ful checking of every detail. After the com- 
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Fig. 1.—Details of 108” prestressed pipe. 


Fig. 2.—Casting yard for pipes 70” dia. and above. After casting and vibrating 
the bins are sealed and pipes are steam-cured. 
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pletion of the preliminary design, further 
details are worked out, following in reverse 
the order set out in 2.1 above. This reversal 
automatically accentuates the predominance 
of cost over other items, but does not allow 
the exclusion of any stability features or other 
basic data. 


(c) At last, the final design follows again the 
original order set out in 2.1. Right at this 
stage, some doubts may arise due to the many 
alternative suggestions which had been previous- 
ly worked out for comparison purposes. Some 
of the “final” suggestions are either a com- 
promise or a method devised to reduce the price 
of the scheme: in many instances the com- 
promise represents a novel method as yet un- 
tried in practice. In such a case, tests are 
carried out in order to examine the feasibility 
of the method which must obviously remain 
within certain limitations of expenditure and 
time, although such tests are themselves often 
extremely costly in comparison with most 
other structural tests. An example will be 
given further on of some tests carried out 
for a 108in. pipe. It will be mentioned that 
the cost of these tests amounted to the equiva- - 
lent of some £60,000 in addition to borings, Fig. 3.—Centrifugating a 66” internal diameter pipe. 
soil tests, and other investigations which are 
still to be carried out. 


3. Structural Description of the Prestressed Pipe 


3.1 Pipe Production 


Prestressed concrete pipes as manufactured at the 
Yuval-Gad Factory in Israel consist of the following 
basic elements :— 

(a) An embedded thin steel cylinder (14 to 16 
gauge) is intended to make the pipe perfectly 
leak-proof. (Each cylinder is tested to some 
85 lb/sq. inch). 

(b) A bell and a spigot ring, made of special profile, 
are welded to the ends of the steel cylinder. 
The bell has a recess to accommodate a rubber 
ring (see Fig. 1). 

(c) High-strength concrete placed on both sides 
of the steel cylinder, or alternately, centri- 
fugally cast concrete inside the cylinder (see 


Fig. 2). Fig. 4.._Large diameter rubber jointed pipe for high 
The inside of the concrete is extremely smooth pressures (180 Ib/sq. in.). Note relatively thin walls 
in each case (see Fig. 3). due to prestressed method. 


(d) After steam curing in special chambers, the 
pipes are stripped of their forms. A period 
of water-curing of 5-7 days makes them ready 
for prestressing. High tensile steel wire is 
then wound around the pipe: diameter and 
spacing of wires are varied for each batch, 
according to required internal pressure or 
external load to which the pipe would be 
subjected. For very high pressures two layers 
of prestressed wire are used (see Fig. 1). 


(e) An external coating is applied to the pipe to 


protect the steel from corrosive soil or ground- 
water. 


3.2 Pipe Laying 
(a) The pipe is designed to be laid in a narrow 
trench under considerable earth cover (see 
Figs. 4 and 5). The trench may either be 
excavated in advance and the pipe then laid 


with a crane from the side as in Fig. 4, or Fig. 5.—A prestressed 66” pipe being laid in a curve 
preferably the trench may be excavated from by opening each joint as specified. 
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the front only a few feet ahead of the last 
pipe and the pipe laid with the help of the 
same crane excavator. 


_ A rubber gasket is inserted in a groove provided 


in the spigot and the pipe is pushed home 
into the smooth bell of the preceding pipe. 
The trench bottom need not be prepared to 
any special form. Each pipe is designed to be 
laid at a certain invert level and to a certain 
slope. The latter is adjusted by pushing the 
spigot to refusal at the top, say, while the 
bottom is left open a predetermined fraction 
of an inch. Side deflections are also obtained 
by opening one side a certain amount. Any 
required curves are obtained by opening at 
a certain point on the circumference. For 
instance, the instructions may read: Open 
first pipe 4in. at 5 o’clock, second pipe 4 in. 
at 2 o’clock, etc. 

The soil is backfilled by tamping with pneu- 
matic hammers, somewhat below the spring- 
line, then filled with selected soil 1 foot over the 
top of the pipe and the rest is pushed in with 
a bulldozer. 


4. Testing an Experimental 108 in. dia. Pipe Line 


An experimental 108 in. pipe, the first of its kind, 
intended for pressures up to 200 lb/sq. in. was sub- 
jected to a special series of tests, to make sure the 
pipe will perform correctly in the 100-mile long line 
in which it is intended to be used. 


Hydraulic Test on Single Pipe 


(a) 


An underground chamber was constructed, 
into which the pipe was lowered and water was 
pumped through an internal jacket with the 
annular space properly sealed at both ends 
(see Fig. 6). Cracks were inspected with a 


Fig. 6.—Lowering pipe into underground chamber for 


pressure testing to destruction. 


special microscope. A few pipes were tested 
to destruction. A safety factor of 3 was 
roved in each case. Thus, a pipe designed 
for 180 Ib/sq. in. burst at 570 lb/sq. in. (see 
Fig. 7). Extensometers attached to the pre- 
stressing wire proved that it reached its elastic 
limit when the pressure rose to 300 per cent 
of the design working pressure. No leakage 
whatsoever could be detected at the bell or 
spigot end, or through the rubber gasket. 
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Fig. 7.—Bursting the 108” pipe at 570 Ib/sq. in. 


(b) 


Transportation Tests 


Ten pipes, each weighing about 30 tons, were 
tilted over, loaded onto a trailer, and trans- 
ported over rough terrain (see Fig. 8). Not 
a single crack was caused through this rough 
handling. 


(c) 


Fig. 8.—Transporting a 30 ton pipe to site. 


Test on Pipeline Assembly 

The above ten pipes were laid in a trench and 
jointed with the aid of a bulldozer (see Fig. 9). 
The ends of the pipe assembly were closed 
up hermetically by specially built bulkheads 
held together by 608 strands of wire stretched 
between them through the pipeline (see Figs. 
10, 11, 12). Intermediate partitions were 
inserted to hold the wires in line (see Fig. 13). 
Wires about 160feet long were threaded 
through and strained initially with a force of 
about 250 lbs. each (see Fig. 14). Ends of 
wires were fixed to each bulkhead with ni- 
compressed sleeves (see Fig. 15). 

The pipes were filled with water and a special 
pump installation was used to raise the pressure. 
One bulkhead was free to slide in the bell of 
the last pipe. In fact the bulkhead moved 
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: ‘ cs ake Fig. 12.—Outer detail of Bulkhead. Note gadget for 
Fig. 9.—Pressing home a joint of a 108” pipe. reading inner extensometers from the outside. 


OP EE Seca an mee cane NT Hes DIRE: Fig. 13.—Intermediate partitions to hold wires in place— 


Rectangular opening allows inspection of pipe assembly 
with wires before and after the test. 


Fig. 11.—Stretching 608 strands of wire between the Fig. 14.— Wires strained initially with a force of 250 lb. 
bulkheads. Note extensometers. each. (See simple method of straining in Fig. 10). 
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Fig. 15.—Fixing ends of wires with nicompressed sleeves. 


Fig. 16.—Subjecting one pipe to three-edge test with two 
75 in. jacks. 
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like a piston for a distance of 6 ins. when the 
pressure was built up and the wires stretched. 
One of the pipes in the line was subjected to a 
three-edge test both when empty and when 
under internal pressure. (see Fig. 16). 


(e) Internal deflectometers shown in Fig. 11 trans- 
mitted their readings through small diameter 
oil pipes to apparatus fitted outside the bulk- 
head, as shown in Fig. 12. The apparatus 
worked to an accuracy’of 0.004 in. (1/100 mm.). 
The external loading reached 215 tons on one 
single pipe which experienced a deflection up 
to 0.15 in., while cracks did not exceed 0.008 in. 
No leakage developed anywhere in the pipe 
assembly. 


5. Conclusions and Acknowledgments 


It is a major principle of good structural design 
that full consideration must be given to both the 
planning and the detailed design of every step, for the 
best possible results to be achieved in preparation and 
site work. Unfortunately, this principle is not always 
observed and its neglect. leads to extra expenditure 
of time and money that could have been avoided. 
Long-term overall economy calls for careful pre- 
liminary work, and the time and money spent on 
these are more than repaid by consequent savings 
in “‘ contingencies.” 


In conclusion, it may be recorded that the whole 
series of tests on the 108 ins. pipe were designed 
by Mr. S. Ron, Senior Staff Engineer of Water 
Planning for Israel Ltd., who also carried out the 
tests, constructed all apparatus for precise measure- 
ment of deflection, devised the special pump arrange- 
ment, the three-edge bearing test, and invented and 
built the movable bulkhead. The author is indebted 
to him for the photos relating to the test and to Messrs. 
Water Planning for Israel Ltd. (TAHAL), to the 
Mekoroth Water Co. Ltd. and to the Yuval-Gad 
Pipe Manufacturing Co. Ltd. for permission to publish 
the information relating to their work. 


Book Review 


Analysis of Multistorey Frames, by Gaspar Kani. 
Translated from the 5th German Edition by C. J. 
Hyman. (London: Crosby Lockwood, 1957.) 8 in. 
x Sj in., 113 pp. 40s. 

This book describes a method of analysis which puts 
emphasis on frames with linearly displaceable joints. 
It uses an iteration procedure which consists of a 


repetition of the same simple operation. It is claimed 
that this greatly reduces the probability of a computa- 


tional error and automatically eliminates errors as 
the analysis continues. Additionally, the analysis of 
the multistoréy frames considering linear displacements 
of joints is as simple as for non-translatory joints, and 
the verification of the final numerical values, from 
which the end moments are obtained by summation, 
may be carried out at any time with these values alone. 
The book, which includes many numerical examples 
worked out in detail, and contains useful charts, will 
be of particular interest to the structural engineer. 
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The Use of Electronic Digital Computers in 
Structural Engineering” 


By D. M. Brotton, B.Sc., Ph.D., A.M.I.Struct.E. 


Synopsis 
This paper contains a brief description of electronic 
digital computers and the manner in which programmes 
are prepared for them. Two examples of their use in 
structural engineering are included : 


(i) The elastic analysis of plane rigid frames first 
tackled by Livesley. 


(ii) The calculation of influence coefficients for an 
aeroplane wing considered as a cantilever plate. 


In conclusion, the use of computers in industry and 
research and the possibilities of computing services are 
discussed. 


Description of Electronic Digital Computers 


There is an increasing volume of literature on the 
construction and capabilities of electronic digital 
computers!, 2. Before discussing their application to 
problems in structural engineering it is necessary 
first to give a very brief description of these machines 
and the manner in which a problem is prepared for 
them. 


The electronic computer is a machine designed to 
carry out arithmetical operations automatically and 
extremely quickly, for example a simple addition or 
subtraction instruction may take 180 microseconds and 
a multiplication instruction 300 microseconds. The 
basic arithmetical operations of the majority of com- 
puters are restricted to addition, subtraction and multi- 
plication although some have automatic division. A 
number of instructions are also required to initiate 
operations concerned in machine organisation such as 
transferring information from one part of the machine 
to another, controlling the “ reading in”’ of data and 
the “ punching out ”’ of results. 


With mechanical electrically operated or hand 
calculators it is a simple matter say to divide the 
rotation of a wheel into ten sectors, each one represent- 
ing a decimal digit. It is therefore convenient to 
construct.mechanical machines to work in ordinary 
decimal digits. With electronic circuits however, 
selection of one out of ten would be difficult so a 
binary system of digits is usually adopted, the presence 
of a digit being indicated by a charge on the surface 
of a cathode ray tube, or an impulse in a mercury 
delay line or a group of magnetic cores. The cathode 
ray tube, the mercury delay lines and the magnetic 
cores are three types of fast or working stores which 
hold the numbers and instructions which are currently 
being used. 

In long calculations the capacity of the working store 
is not large enough to hold all the data and instructions 
which are required, so an additional ‘‘ backing store ”’ 
is provided. This store usually takes the form of 


* Read before the Lancashire and Cheshire Branch of the 
Institution of Structural Engineers, at Manchester, on 12th 
February, 1958. 


magnetic drums which hold the information as magnetic 
charges on small segments of the surface. Arithmetical 
operations cannot of course be carried out in the 
backing store but information can be transferred to 
and from the working store in batches. 


The operation of the computer is governed by a 
control unit which holds the control number. The 
control number specifies the address, that is, the 
location of the register containing the next instruction 
which is to be obeyed. In most computers the control 
number is automatically increased by one when an 
instruction has been carried out, although means are 
provided to “jump” ie. to transfer control to an 
instruction in an address different from that of the 
next register. 


The arithmetical operations are carried out by an 
arithmetical unit which comprises an accumulator and 
multiplier register ; these two fulfil the same functions 
as the corresponding parts of a hand machine. A 
certain instruction causes a number in a specified 
address to be added to a number contained in the 
accumulator, another instruction will cause a number 
in the accumulator to be replaced by its product with 
the number in the multiplier register. 


The remaining parts of a computer are those con- 
cerned with the “input” of instructions and data 
and the “output” of results. Information of all 
kinds which is required by a computer is usually 
punched on tape or cards. The input unit therefore 
consists of a tape or card reader which interprets the 
punched information in accordance with the code 
being used for the particular type of computer. The 
reverse process is required for the results produced by 
the computer. Output may be on punched tape or 
cards or may be immediately translated and printed 
out on a teleprinter. 


Programming for an Electronic Computer 


The collection and ordering of the sequence of 
instructions which will perform a particular calculation 
is known as “ programming.”’ 


In preparing a programme for a computer it is usual 
to divide the problem into parts called “ Chapters,” 
each chapter being of such a size that all the instructions 
it comprises, together with all the data which it 
requires, can be contained in the working store at the 
same time. The chapters are further subdivided into 
“ Routines,’ in each of which a particular job will be 
carried out such as division, obtaining the square root 
of a number or evaluating an algebraic function. 
The manner in which the routines are connected 
together is best illustrated by means of a “ Flow 
Diagram,” some of which appear later (Figs. 5 and 9). 


Some routines will be required in many programmes 
and consequently once prepared they are available 
to all programmers. These are called “ Library 
Routines,” 
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A considerable amount of labour is involved in 
preparing a general programme although modern 
developments in computers tend to make it very much 
easier. However, before embarking on such a project 
it is essential to ensure that it will be sufficiently used. 
Problems involving lengthy calculations but which 
only require occasional solution may not be worth 
programming, although the use of ‘‘ Auto-Code ” may 
be of value in these circumstances. ‘‘ Auto-Code ”’ 
consists of a shorthand system of writing a programme 
and although the machine operations are necessarily 
carried out less quickly, programming time can be 
saved. 


The Application of Computers to Structural Problems 


For many years the trend of developments in methods 
of structural analysis has been and still is towards 
the reduction of tedious arithmetic. This has been 
accomplished by the introduction of distribution 
methods, the use of type solutions etc., methods which 
depend for their efficient use on engineering intuition. 
Now the computer cannot behave intuitively but it 
can carry out simple arithmetical operations extremely 
quickly and accurately ; therefore it is necessary to 
redirect attention to methods which are intrinsically 
simple and direct but which may involve large amounts 
of calculation. 


It is desirable that the computer is made to do as 
much of the work as possible. For instance, frame- 
work problems could be tackled by manually setting 
up the equations of joint equilibrium and using the 
computer to solve them. It is more efficient to give 
the computer the details of the members and joints 
and make it set up the equations as well as solve them. 


Problems in structural engineering may be divided 
into two parts, those which involve the setting up and 
solution of algebraic equations i.e. framework problems 
and those which involve the solution of differential 
equations i.e. plates and surface structures. As an 
example of the first type, the solution of plane rigid 
jointed frameworks will be considered. The second 
type will be illustrated by means of a programme to 
determine the influence coefficients for an aircraft wing 
of any plan form. 


The Solution of Plane Rigid Frameworks 


A programme for the analysis of plane rigid frame- 
works was first prepared by Dr. R. K. Livesley for 
operation on the Ferranti Mark 1 machine at the 
University of Manchester. Several other framework 


programmes for various computers have been prepared 


or are now in the course of preparation. The following 
description of the Livesley programme is in some 
respects more detailed and less mathematically based 
than in the report by Livesley and Charlton?. 


The equations used are the slope deflection equations 
for an inclined member including the effects of axial 
strains which are usually neglected in structural 
analysis. 


Fig. 1 (i) shows a member inclined at an angle « to 
the x direction of the gencral frame co-ordinates with 
the end reactions due to a unit axial displacement at 
oneend. Figs. 1 (ii) and (iii) show the corresponding 
reactions due to a unit transverse displacement and a 
unit angular rotation at the same end. These reactions 


Unit Asp/. 
(1) (i) (iii) 
Fig. 1. 


due to displacements which relate to individual 
member co-ordinates can be readily obtained by the 
elastic theory. 


x» = /  Ui)eos a — Mi) sin 
COS 

; f= 1 * ) tin & + Uh) Cos & 
Sing 


Fig. 2. 


In considering joint equilibrium it is necessary to 
obtain the end reactions due to displacements relative 
to the frame co-ordinates. It can be seen from Fig. 2 
that a unit displacement in the x direction corresponds 
to an axial displacement cos« together with a transverse 
displacement —sina«, similarly the effect of a unit 
displacement in the y direction was obtained. 


Fig. 3 gives the end reactions due to unit displace- 
ments in the x and y directions and unit angular 
rotation at end 1 of the member. These were obtained 
by substituting the reactions from Fig. 1 in the equa- 
tions from Fig. 2. By resolving the end reactions 
shown in Fig. 3 in the x and y directions and consider- 
ing the end moments, equations can be set up giving the 
x and y forces and end moment in terms of x and y dis- 
placements and end rotation. These equations can be 
extended in a similar manner to give the same « and y 
forces and end moment in terms of corresponding 
displacements at the other end of the member. The 
six equations which are shown in Fig. 4 result, and 
since the coefficients relate end reactions to end dis- 
placements they are a measure of the stiffness of the 
member and the group of 36 coefficients is called the 
stiffness matrix of the member, 
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The member details which are punched on a “ Data 
Tape’ are read in as shown on the Flow Diagram in 
Fig. 5. The stiffness matrices for each member type 
are built up and placed in the magnetic store. 


FORM STIFF 
MATRICES 


READ Conn. 
LIST. 


SIMULTANEOUS 


CALCULATE 


ENO FORCES 


EQUATIONS 


ON MEMGERS 


Fig. 5. 


In order to set up the three equations of equilibrium 
at a particular joint, the machine must know the 
details of the members meeting at the joint. This 
information, the “connection list,’ is next read from 
the data tape. The computer abstracts the rows of 
the stiffness matrices corresponding to each degree of 
freedom in turn and groups them together to form 
the left hand side of an equation. The process 1s 
repeated for each joint in the framework, m joints 
giving rise to 3n equations. The external loads which 
form the right hand sides and complete the equations 
appear next on the data tape, and are read and placed 
in their appropriate locations. The final form of the 
equations for joint 1 is 


eer We 
Sr Wy 
=IM = Wo 


W; and Wy are the external loads and Wg is the 
external moment at Joint 1. 
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Control is now transferred to a routine for the solution 
of the simultaneous equations and the three displace- 
ments at each joint which result are printed out. 
In the final routine the end displacements are substi- 
tuted in the original equations to give the axial load, 
shear and end moments for each member. 


The procedure described above is carried out for 
frames with not more than 10 joints. Larger frames 
must be divided into sub-frames of not more than 10 
joints, each with a number of joints common to two 
adjacent sub-frames. In this case the first sub-frame 
cannot be solved completely. The simultaneous 
equation routine can only eliminate the displacements 
of the joints not common to the next sub-frame. 
This will leave reduced equations in terms of the 
displacements at the common joints and these equations 
are carried forward to equations of the next sub- 
frame; they represent the “inter-action’’ forces 
between the two sub-frames. The last sub-frame will 
be completely soluble and repetition of the process 
up to the sub-frame before the one which has just 
been solved will result in a complete solution. 


Frameworks with members pinned at both ends can 
be dealt with by giving the pin-jointed members zero 
inertia. 


Livesley Stability Programme 


As the magnitude of the external loads on a framework 
is increased the value of the axial loads in the indi- 
vidual members also increases and causes changes in 
the stiffness of the members. Present day methods of 
design neglect this change in stiffness which results 
in increased bending moments and deflections. Using 
the stability functions tabulated by Livesley and 
Chandler4 elastic analysis can be corrected for stability 
effects. 


Livesley prepared an additional programme which 
when used in conjunction with the one already described 
will carry out the above process. 


The first stage in the calculation is a normal elastic 
analysis to determine the “ non stability ”’ axial loads. 
This is extended by the calculations of the ratios 

Load 
Euler Load 
the member stiffness matrices modified by the stability 
functions corresponding to the previous axial loads 
gives corrected moments and deflections. The process 
is convergent and 3 iterations are usually sufficient to 
reach the correct stability values. 


for each member. A second analysis with 


The calculation of the elastic critical load of a two 
bay pitched roof portal frame with rigid external 
stanchions and a pinned internal stanchion has been 
chosen to illustrate the use of the Livesley programme 
and its extension. 


Fig. 6 shows the results of 3 iterations for the two 
bay cranked rafter subjected to vertical loads of 
110,000 Ibs. at each joint and a single horizontal 
disturbing force of 1,000 Ibs. applied at the valley 
joint. 

The results tabulated are the x and y deflections in 
feet and the rotation in radians on one line for each 
joint in turn. These are followed by a group of 7 
figures for each member representing the axial load 
and shear in lbs. and the bending moment in lbs. feet 
at End 1 and End 2 of the member and finally the 


: Load ; 
ratio Sor Toad’ Comparison of the results from the 
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second and third iterations shows that convergence is 


complete. 


The ratio of Disturbing Force 


: Horizontal Deflection at Valley Joint 
is a measure of the stiffness of the rafter and a series 
of calculations similar to the above for increasing values 
of the load parameter shows that the rafter stiffness 
decreases. Fig. 7 contains a non-dimensional graph of 
rafter stiffness against load in the rafters and it can be 


O-" 


o-8 


CF 4 


( %, ) RAFTER, 
Fig. 7. 


seen that zero stiffness is reached for( 2) ='0153. 
Pr Rafter 


If the framework is completed by a pinned central 
stanchion the deflection will be increased by the 
induced horizontal load at the top of the stanchion. 
The family of straight lines on Fig. 7 represents the 
induced horizontal forces for a series of different 
stanchion lengths and the intersections of these lines 
with the rafter stiffness curve give the zero stiffness 
values or “ elastic sway critical loads’ for a series of 
frames. This example is part of an investigation into 
the failure loads of multi-bay pitched roof portal 
frames. 


The elastic critical load of a framework is an im- 
portant parameter on which its failure load depends 
and its calculation is receiving increasing attention®. 


Influence Coefficients for an Aircraft Wing 


The influence coefficients are the deflections at 
various points on the wing plan due to the application 
of a unit load at one point. They are useful in the 
determination of the strength, stiffness and natural 
frequencies and modes of vibration of the wing structure. 
In this solution the wing is considered as a cantilever 
plate of varying thickness, an assumption which is valid 
for thin heavy skinned wings®,?. 

The differential equation governing the deflection 
of a normally loaded plate is 


o4w d4w Ow tg 
Me ce ae we 

where plate deflection 
x, plate co-ordinates 


| 


surface load intensity 


w 
os 
Z ip a 
D flexural rigidity of plate 
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If the wing plan area is divided into a number of 
stations, distance h apart, by a square mesh, it can 
be shown that the above equation can be replaced by 
the finite difference expression 
h?Q 
D = 20 wo — 8 (wi + we + wz + wa) 


+ 2 (ws + we + w7 + we) 
+ (W9 + wig + W11 + W129) 


for internal stations. The suffices refer to the station 
being considered (station 0) and 12 neighbouring 


stations shown in Fig. 8. @Q is the load applied at 
station O. 


STATION STATION 
NUMBERS COEFFICIENTS. 


Fig. 8. 


For stations on the edge and one mesh length 
removed from the edge some of the neighbouring 
stations will be missing; however, for each missing 
station a physical edge condition will be available 
which when expressed in finite difference form can 
eliminate the unwanted term from the full expression. 
At a free edge parallel to the x axis the bending moment 
about the edge Mx must be zero 


a) o2w 
M.=—D (28 4424) —0 
where y is Poisson’s Ratio and in finite difference 
form we have 
2wo (1 + v) — (w1 + ws) —v (wZ + wa) = 0 
Finite difference equations can be set up for each 


station and the solution of these equations will give 
the influence coefficients for the chosen loading position. 


A General Programme to Calculate 
the Influence Coefficients 


This problem, the theoretical solution to which is 
given by Dr. D. Williams,’ was prepared for operation 
on the DEUCE computers at the Royal Aircraft 
Establishment, Farnborough. Due to the limitations 
of storage capacity and the reasonable minimum 
number of stations required, it was decided to prepare 
the programme to set up the equations, form the 
matrix in four parts and punch out each part. 
Library routines would then perform the matrix 
operations necessary to produce the influence co- 
efficients for a maximum of 120 stations. 


Input to the DEUCE computer takes the form of 
punched cards and in order to reduce the amount of 
preliminary work and the volume of initial data 
required for a particular problem the programme was 
designed to read in a map of the wing plan form, the 
location of a station on a 120 x 120 area being 
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indicated by a digit, i.e. a hole punched in the appro- 
priate position on a card. The only other information 
necessary is the value of Young’s Modulus, Poisson’s 
ratio for the material, the mesh length and the wing 
thickness at each station. A simplified flow diagram 
is shown in Fig. 9. 


MASTER. 


COUNT AND 
Mark STAT” 


TEST FOR 
STATION 


TEST FOR STATION TYPE SET UP 
bal 
FIKEO | MESH FROM REMAINDER EQUATION 
EDGE Fixtéo E0@GE C 
@ 
($) (9) 3) PUNCH OUT 
JS7ORED 
COEFF '5 
CALC. CALC. CALC. 
corr §.| |\coerre 5 COEFF’. Punch 60 
COEFFICIENTS 
a J7TORE 


REMAIMOER 


Fig. 9. 


The first three routines are concerned with reading 
in the information and counting and marking the 
stations, then the master routine which controls the 
later operations is entered. 


As explained earlier, the coefficients of the finite 
difference expressions for the stations on or near the 
edge will differ due to the fact that some neighbouring 
stations are missing. Thus, before we can set up the 
expression for a particular station we must first 
determine its type, that is, the pattern of those of the 
twelve neighbouring stations which exist. There are 
many different types of station and so in order to 
reduce the number of tests necessary to determine 
the station type all the fixed edge stations are dealt 
with first, followed by the row of stations one mesh 
length from the fixed edge and finally the remaining 
stations are dealt with row by row (Fig. 10). Treating 


STATIONS ONE ESN 
LENGTH FROMe THE 


STATIONS 
Fixnéo EO6E. 


Fig. 10. 
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them in this way the numbers of possible member 
types in each of the above groups are 5, 9 and 63 and 
these require 3, 4 and 6 tests respectively. Once the 
station type is determined one of a series of parallel 
routines is entered, each of which calculates and sets 
up the appropriate coefficients, then returns control 
to the master routine. 


NxN Meters. 


O<NE /20 
YE 60<N€/20 Matrix 


1s parttioned a8 shown. 


The next routine is the one which builds up the 
equations, placing the previously determined co- 
efficients in their appropriate positions. The matrix 
is partitioned as shown in Fig. 11 by punching out the 
first 60 coefficients of each equation and storing the 
remainder. Finally the stored coefficients are punched 
out in two groups. 


The partitioned matrix can be inverted’ by means — 
of the available library routines and the product of 
any load vector and the inverted matrix will then 


give the deflections corresponding to the particular 
load. 


The detailed coding for this programme has not 
been carried out at the time of writing so it is not 
possible to give a worked example. 


Use of Electronic Computers in Industry 


It is of interest to study the functions of the various 
types of personnel who are engaged in the use of 
computers. 


First we have the ‘ Programmers.” In the early 
days of computing they were almost entirely mathe- 
maticians by training, but developments which have 
simplified programming have enabled more and more 
engineers to prepare programmes. It seems probable 
that this trend will continue. The programmer must 
know the code and capabilities of his computer and 
in addition have some knowledge of numerical methods 
of analysis. 


The ‘Machine Operator’ is an extremely useful 
member of a computing organisation. His function is 
the preparation of data tapes and the machine 
operation for standard programmes. Although 
obviously an advantage, it is not essential that he 
should have a detailed knowledge of the code and 
it is better that his basic training should be in the 
subject of the programme rather than in computing 
since he will then be better able to detect errors in 
the solutions. 


Modern computers are extremely reliable; it can 
reasonably be expected that more than 95% of 
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scheduled operating time will be useful. However, 
when they do break down an efficient maintenance 
engineer must be on the spot to put the machine back 
into a serviceable condition as soon as possible. 


- Computing Services 


At the present time, computers are owned and 
operated by the universities, Government and other 
research organisations and some large firms in industry. 
Machine time is available on a commercial basis on 
quite a number of these computers and at least one 
offers to put through data tapes for standard pro- 
grammes and return the results by post. This scheme 
could be a basis for a computing service to Industry ; 
however, there are better ways of organising a service 
to structural engineers. 


A fully comprehensive service could be provided. 
The users would be required to send, in an approved 
form, full details of the structure and the loading. 
In the case of frameworks, a convenient way of 
accomplishing this would be with a dimensioned line 
drawing of the framework together with tables giving 
the member details (cross-sectional area, moment of 
inertia, length and inclination relative to some frame 
co-ordinates of each member) and loading details 
(values of the components of external loads in the 
directions of the frame co-ordinates and external 
bending moments applied at each joint), also the 
conditions of the supports. The main advantage 
from the users’ point of view would be that they 
would not need to employ any staff trained in com- 
puting. It would appear probable therefore that this 
type of scheme would be advantageous to the smaller 
firms whose work would not warrant the employment 
of full time computing personnel. Sections for the 
members must initially be arrived at either as a 
result of previous experience or approximate calcula- 
tions but it must be remembered that this would have 
had to be done in any event, the tedious arithmetic 
of a rigorous analysis is avoided. Difficulties may 
arise in placing responsibility for the accuracy and 
correctness of the results produced by such a service 
but the use of operators with a good structural back- 
ground and the reliability of modern computing 
machines should minimise them. 


An alternative scheme which could be operated by 
the larger firms would need the formation of a com- 
puting section or department. The staff would 
prepare programmes or utilise existing programmes 
for machines on which machine time is commercially 
available. The main advantage of this scheme is 
that the firm is in full control of the analysis throughout 
and any re-analysis necessitated by a change of section 
can be carried out immediately merely by a small 
alteration to the data tape. 
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Use of Computing Machines in Research 


It is convenient to consider research problems in 
two sections, first “one off’’ problems such as the 
calculation of data to compare with model experi- 
mental data etc. and secondly problems for which it is 
desirable to write a general programme. 


“One off”’ problems can be tackled economically 
by doing a considerable amount of preliminary and 


’ possibly final work by hand and using the computer 


to perform standard arithmetical operations using 
library routines. Thus, equations can be built up 
manually and a library routine used to solve them. 
An alternative would be to write the complete pro- 
gramme in Autocode. 


In research it is often necessary to repeat a particular 
calculation many times with varying initial data in 
order to determine trends in behaviour resulting from 
changing the values of one or more parameters. A 
general programme is extremely useful in these 
circumstances and there are already several examples 
of this kind of use where the computer results are 
treated as results from a “‘ mathematical model.”’ 


If full use is made of these valuable machines more 
complex structures requiring long and tedious hand 
calculation can be brought within our reach, thus we 
may be able to tackle 3 dimensional rigid frames, 
shell roofs etc. with the same facility as we now deal 
with portal frames. 
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Web Buckling and the Design of Web Plates* 


Discussion on the Paper by K. C. Rockey, M.Sc.(Eng.), Ph.D., A.M.1.C.E., A.M.I.Mech.E. 


THE CHAIRMAN, in proposing a vote of thanks to 
the Author, said that the subject of plate girder 
design, and in particular the web design, had received 
several waves of interest over the years, some of them 
very well known and others less known. The most 
recent wave of interest prior to that of Dr. Rockey 
was the aeronautical one just before and running into 
the war, leading among other things to the work of 
Dr. Leggett. At that time it was obvious that there 
were still a good many gaps to be filled, even for 
aeronautical use, let alone for general structural use, 
and it was very pleasing to see that Dr. Rockey had 
filled so many of those gaps so well. 


There had been an earlier wave of interest before the 
First World War which led to Professor Lilley’s book 
on the design of plate girders, published about 1910, 
which was a remarkable effort for its time; but there 
had been a great advance since then, partly due to 
the aeronautical effort and also due to Dr. Rockey’s 
work. 


The Author had shown pictures of tension field webs 
and the waves which occurred therein, and the paper 
mentioned the difficulty of choosing the right spot 
on a wave to get the peak value of the stress, partly 
because the waves moved as the load went up. Did 
Dr. Rockey have any records of the wavelengths and 
the way in which they decreased as the shear went 
up? The Chairman added that he had had an interest 
in this himself some years ago, and he wondered 
whether Dr. Rockey had been able to get records. 
If so, it would be of interest to see them published. 


Dr. Rockey had made an effort to decide what was 
a permissible amplitude of buckle. In the paper, he 
tended to come down in favour of saying that it was 
primarily a matter of appearance and that for this 
purpose, so long as the maximum displacement of 
the web plate was kept to the order of its thickness, 
it did not show up much and nobody would complain ; 
and he had thought of a way of handling this for design 
purposes by saying that he would like to keep the 
shear within 14 times the critical shear. This seemed 
to be a very convenient way. Whilst with the rather 
thin webs that he had used for experimental purposes 
one thickness of the plate might be a good guide, 
when dealing with really big plate girders would the 
Author still be satisfied with that order of movement, 
or was there not an absolute limit for other reasons ? 
For example, by the time he got to din. plates and 
thicker, would he really be willing to have 4 in. displace- 
ments, or would he say that } in. was the most that 
he could have ? 


* Read before a meeting of the Institution of Structural Engineers 
at 11, Upper Belgrave Street, London, S.W.1, on 13th February 
1958. Professor Sir Alfred Pugsley, O.B.E., D.Sc. (Eng.), 
F.R.S., ML. sivuct.£., M1.G3E:, BURSA eS., (President) in the 
Chair. Published in ‘‘ The Structural Engineer”? Vol. XXXVI 
No. 2, pp. 45-60. (Feb. 1958). ; 


Mr. R. E. LanpAu (Associate Member) said that 
although the paper appeared to be addressed to the 
Drafting Committees for aluminium and steel structures 
—the reason for this comment was that its conclusions 
were in the form of recommendations for the drafting 
of specifications—Dr. Rockey had generally omitted 
any comparison between his own proposals and the 
requirements of existing or draft specifications. In 
the case of steel girders, one would welcome more 
comparisons with the draft B.S.153. 


Referring to the other end of the chain between 
theory, experiment and design method, the Author 
had omitted in some, but not all, cases to compare 
his valuable experimental results and empirical 
formulae with theory. Would he give, for example, 
the comparison between theory and his expressions on 
page 47 of the paper for plate buckling coefficients and 
limiting stiffeners ? 

Mr. Landau had compared some particular cases of 
Dr. Rockey’s proposals with both B.S.153 and other 
sources, and the results were shown in the following 
table : 


Comparison of Limiting Stiffness Coefficients 
values of n, where I = nd;t* 
single sided stiffeners 


Source bjde =F | b/da—1 


Verticals (Shear Requirement Designs) 


Rockey (Eq. 4) 3.60 1.28 
Stein and Fralich 3.80 0.80. 
Young and Landau (after Timoshenko) 2.76 0.34 
B.S.153 Draft 6.00 1.50 


Horizontals at Mid-height 
(a) Shear Requirement 


Rockey (Eq. 7) 0.26 1.04 

Young and Landau 0.08 1.48 

Adapting Rockey’s Eq. 4 0.64 3.60 
(b) Bending Requivement 

Massonnet 0.35 0.35 

Hampl = 0.92 

D.I.N. 4114 (German Specn.) 0.12 0.12 
(c) B.S. 153 Draft (Shear or Bending) 1.0 1.0 


Comments on Table : 

(i) Verticals Dr. Rockey’s formula gave good 
numerical agreement with Stein and Fralich’s theory. 
It would also be noted that the draft B.S.153 figures 
covered Dr. Rockey’s requirement. 


(ii) Horizontals at mid-height. It might be expected 
that the limiting stiffness of the horizontals would be 
approximately the same as for a girder of depth 6 
with vertical stiffeners only at a pitch of os For this 
reason, the adaptation of Rockey’s equation (4) was put 
in the table, and the discrepancy between the resulting 
figures and those for equation (7) required some 
explanation. 
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For the case of combined bending and shear, Fig. 18 
of the paper showed that the best position of a single 
horizontal stiffener varied from mid-depth to a position 
near the compression flange. Draft B.S.153, requiring 
a single horizontal stiffener to be close to the com- 
pression flange in all cases, might be criticised on this 
account. However, having shown where to put the 
stiffeners, the Author had not made clear how to 
design them for combined bending and shear, a 
condition occurring to some extent in all girders and 
particularly in continuous and cantilever girders. 


For central horizontal stiffeners, Dr. Rockey had 
given equation (7) for shear and equation (27) for 
bending. For combined stresses, Massonnet! had 
proposed taking the larger of the two requirements, 
whereas Young and Landau had suggested taking the 
sum. The German D.I.N. 4114 had a complicated 
requirement depending on the relative shear and 
bending stresses. Draft B.S.153 gave the same figure 
irrespective of the loading condition. Dr. Rockey’s 
comments on this would be welcomed. 


Considering vertical stiffeners supporting horizontals, 
the experimental result quoted on page 47 was most 
interesting, particularly on account of the simplicity 
it afforded in design procedure, the design of verticals 
becoming independent of the horizontals. One 
wondered, however, whether the test described might 
have been a special case. 


The web panels between verticals were approxi- 
mately square, and the verticals then had relatively 
little effect on buckling. If the pitch of the verticals 
had been halved, a. different result might have been 
obtained. The point could be illustrated by quoting 
the buckling coefficients for simply supported webs 
(Fig. 1) if expressed in terms of the depth, as follows: 

pitch = : 5.4 
pitch pemwepth -: 9.4 


pitch = 4 Depth 26 


aS 
x 
D> 
on 
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PRoFEssor B. G. NEAL said that in November 1955, 
a Report on Structural Safety was presented to the 
Institution by a Committee of which the present 
President of the Institution was Chairman. In this 
Report it was pointed out quite clearly that in develop- 
ing a design method for any type of structure, it was 
necessary first to consider the safety of the structure in 
respect of failure at its ultimate load, and secondly to 
consider any other special requirements for the 
particular type of structure which might determine 
what was called a limiting load. One might there- 
fore have expected the Author, who was investigating 
a failure problem, to have been concerned with the 
determination of ultimate or failure loads, and yet 
his main interest had been with buckling loads. 


The buckling loads that the Author had determined 
were not, of course, tHe failure loads for this particular 
type of structure. When a plate girder web buckled, 
there was merely a redistribution of stress and the 
loads were carried in another way. 


The reason why the Author had been so interested in 
critical buckling loads was that it was necessary to 
express actual loads in terms of the critical buckling 
load to describe the growth of deflections and stresses, 
so that the critical buckling load had to be known 
before it was possible to discuss the design of this 
type of structure. 

What the Author had done was to make his girders 
so free from imperfections that the critical buckling 
load showed up very clearly in his experiments. This 
was perhaps the feature which distinguished his work 
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which had been done on plate girders. The outcome 
had been that the Author was able to predict buckling 
loads with a high degree of accuracy, but of course 
actual plate girders were never free from imperfections. 
Professor Neal wished to hear the Author’s views on 
the effect of imperfections, which certainly played an 
important part in the design of compression members. 


Turning to the possible development of a design 
method for plate girders, Professor Neal reverted to 
the Report on Structural Safety. The ultimate load 
to which the Committee had referred would be some 
form of complete collapse. In the Author’s tests the 
webs ultimately collapsed by fracture due to high 
shear stress. The results in the paper showed that 
when fracture occurred, the shear stress in the web for 
the particular material used was about 11 tons/sq. in. 
It was therefore relevant to discuss the value of the 
working stress to be chosen in order to ensure an 
adequate margin of safety. 


According to the Committee’s Report, the appro- 
priate load factor could be determined by considering 
two groups of factors, firstly those that could affect 
collapse, and secondly those associated with the 
seriousness of a collapse if it occurred. In the first 
group, it was necessary to decide in category A 
whether, for example, the girder would be manu- 
factured accurately and erected under ideal conditions. 
For a plate girder bridge or a plate girder forming 
part of a factory building, it could be assumed that 
the workmanship would be very good. For category 
B, which was concerned with loading, it could be 
stated that for such structures the loading was usually 
known to a high degree of accuracy. Finally, for 
category C it could be supposed that with the large 
body of experimental work available, the collapse 
condition could be predicted very accurately. On the 
other hand, such structures were usually statically 
determinate and there would be little warning of 
failure. From the tables in the Report, it then 
appeared that the load factor X to be assigned in 
respect of this first group of factors affecting collapse 
was 1.3. 


The second group of factors was concerned with the 
seriousness of collapse should it occur. Category D 
referred to the danger to human life involved, which 
for the cases cited would be very serious. Category EF 
referred to the economic consequences of failure, which 
could be classified as serious. From the tables, the 
load factor Y in respect of this second group of factors 
was then found to be 1.5. The overall load factor 
recommended would therefore be the product of the X 
and Y factors, which was about 2. Therefore the 
allowable shear stress in the web should be about 
5.5 tons/sq. in. as far as failure was concerned. 


In this paper the Author pointed out that current 
American practice specified a safety factor of 2.4. 
With the material that he had been using, this would 
give an allowable stress of less than 4 tons/sq. in. 
The use of this safety factor, therefore, would be too 
conservative if the recommendations of the Committee 
were to be followed. 


The other aspect of the Committee’s recommendation 
was to consider whether there was also a limiting load, , 
in other words were there any other factors that would 
render the structure useless before it collapsed ? 
Here, there was an obvious answer, that the excessive 
wrinkling of the web might become undesirable before 
failure occurred. The Author’s suggestion was that 
the wrinkling became excessive when the load was 
50 per cent above the buckling load. 
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The situation was summarised in Fig. 16. In this 
figure the horizontal line referred to conditions in 
which the ultimate load condition governed, and the 
curves referred to conditions in which the limiting 
load governed. Professor Neal felt that in this figure 
the ultimate stress was too low, and that it could be 
raised to about 5.5 tons per sq. in. It would be a pity 
if the value of the Author’s work was partly lost by 
choosing a load factor which was far too conservative. 


Mr. K. BoGusLawsk1 described the paper as a 
valuable contribution to the design of plate girders. 
Engineers and designers would find it a valuable 
guide in understanding the phenomena of buckling. 


It seemed, however, that when concerned with the 
design of deep web girders, especially in bridge con- 
struction, the Author had omitted the most important 
point : i.e., the maximum economical depth of web. 
All the formulae and diagrams presented in the design 
paragraph applied only to webs of a maximum depth 
of approximately 16 ft. Today, there were already 
a few bridges built which had webs of about 22 ft. 
depth—e.g., in Germany, the Neuss Dusseldorf Bridge. 
There was even one bridge of a big girder construction 
which would shortly be built having webs 26 ft. deep 
in a box type girder. 

In practice, the vertical stiffeners of deep web 
girders, in addition to buckling, had to resist moments 
induced by loads from cross girders. This brought 
to the forefront the loading of web plates beyond 
buckling loads. 


It might be admissible to load webs beyond buckling 
loads and girders up to, say, 16 ft., but above that 
depth one would apply it only with reluctance, as 
relatively little was known about the behaviour of the 
webs. 


On page 56, in paragraph 2 of Section VII (a), dealing 
with webs, the paper stated that the maximum depth 
of the buckles could be as much as the thickness of 
the web plate. Unless this statement was based 
upon “‘Test ’’ observations or upon practice, it would 
appear to be somewhat debatable, especially if deep 
plate girders with relatively thick webs were being 
considered. 


It might be of interest to state that in the case of a 
thick plate girder web of a depth of about 16 ft. anda 
thickness of about 4 in., the lateral deflection of the 
web was about = of the thickness. These measure- 
ments were taken recently from one of the bridges 
designed by Mr. Boguslawski’s office in accordance 
with the German specification D.I.N.4114 and agreed 
very well with the findings in the paper by Mr. Young 
to the Institution of Civil Engineers. The size of the 
panels was approximately 5 ft. 6 in. wide x 2 ft. 6 in. 
deep. 

Further, still dealing with deep web design, it was 
found that placing the horizontal stiffeners at 0.2 de 
from the compression flange resulted in a very thick 
web, because the plate had to be checked against 
buckling and a _ buckling coefficient found. The 
plate had been found to be about 1 in. thick. How, 
then, should this coefficient be varied to enable a 
more economical web to be used and also the appro- 
priate horizontal stiffener ? 


Again, the use of formula for vertical stiffeners for 
deep web girders resulted in very heavy and uneconom- 
ical sections. 


Working in a Continental unit, Mr. Boguslawski 


had found that in a girder approximately 25 ft. deep, 
the moment of inertia for a vertical stiffener would 
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require a section 24 x 74 joist, which was much too 
big and it would be much more economical to design 
a truss girder, instead of a web plate girder. 


It was his opinion that the limit in the depth of 
plate girders should be defined in relation to the data 
given in the Author’s excellent paper. 


Mr. J. McHarpy Younc (Member) said that having 
followed Dr. Rockey’s work for some years, it was a 
great pleasure to participate in the discussion. The 
paper was very timely in view of the present tendency 
to build more and more comparatively large span 
bridges as plate girders, with the result, as already 
mentioned, that there were now plate girders of the 
order of 20 ft. deep. 


In the bibliography, the Author had mentioned the 
paper by Young and Landau, and in going through 
Dr. Rockey’s paper it was interesting to note the 
points of similarity. Figs. 11 and 12, for example, 
dealt with combined stresses, the Author’s treatment 
of which was perfectly correct. He had treated three 
separate cases and his interaction curves were correct. 
It was interesting to note that his equation (12) was 
exactly the same as equation (12) in the paper by 
Young and Landau, but probably this was merely 
coincidence. 


Mr. Young did, however, cross swords with the 
Author concerning his reference on page 47 to the 
effect of stiffening a panel horizontally and its effect 
on the vertical stiffener. Taking Dr. Rockey’s own 
formula K = K + A(vy)%, it could be shown that 
the value of y could be reduced as much as 50 per 
cent with comparatively little reduction in the value 
of K. In Fig. 2, this effect could be seen fairly clearly. 


From Fig. 16—the comparison of light alloy panels 
with and without horizontal stiffeners, it could be 
seen that the shear value could go up by almost 100 
per cent. in some cases for certain values of the aspect 
ratio. The Author’s comments on this point would be 
welcomed. 


In considering the stability of the web itself, a very 
important point to be borne in mind was any initial 
eccentricity of the web itself. 


Concerning deflections, the paper by Wastlund and 
Bergman stated that the maximum deflection corres- 
ponding to critical load was always less than the plate 
thickness. It would be interesting to know whether 
Dr. Rockey agreed with this. 


On the same subject, the Author’s Fig. 13 showed = 


plotted vertically and W/W, plotted horizontally, 
with curves for various values of the area ratio. This 
group of curves would, however, have been much 
more useful if instead of plotting the area ratio, the 
Author had plotted stiffness ratio, because, after all, 
the area ratio was only a part of the function of y. 


Mr. Landau had already touched on the vexed and 
debatable question of stiffeners, both horizontal and 
vertical, and the comparison between Dr. Rockey’s 
proposals and various other specifications. Mr. Young 
had himself made comparisons with D.I.N.4114, 
Table 9. ‘Figs. 6 and 7 were for ratios 4° and and 
the Author gave an expression for y in equation (10). 
As a matter of interest, Mr. Young had worked that 
out for various values of the aspect ratio from 0.5 to 
15 and 8 values .05, .1 and .2. That coincided 


fairly well with the Author’s values for but for the 
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German values were considerably higher. In view 
of the graph which had been illustrated by slide—and 


Dr. Rockey had promised to give a family of curves 


—it would be interesting to know whether he would 
like to make any amendment to the formula. 


Equation (8) dealt with the case of the stiffeners 
for panels subject to shear. Again, the German values 
agreed fairly closely up to the aspect ratio 1.0, but 
above 1.0 the German values were higher. 


Equations (3) and (4) of the paper for vertical 
stiffeners appeared reasonable and of the right order, 
but in the section on stiffeners—values and design—the 
Author had referred to the work by Massonnet. It 
should, however, be remembered that Massonnet was 
working with panels with a d/, ratio ranging up to 
4,25 and which would be stable up to collapse loading. 
Dr. Rockey had suggested that these should be factored, 
and this was a reasonable recommendation. 


Mr. Landau had already dealt with combined shear 
and bending. One could afford to be a little generous 
on stiffeners generally, because by employing horizontal 
plus vertical stiffeners, the thickness of the web was 
reduced. Even if the area ratio went up, it did so on 
a reduced thickness value and overall economy was 
achieved. Mr. Young added the recommendation 
that where horizontal stiffeners were used, they 
should be made continuous or properly connected 
to the vertical stiffeners. 


He associated himself with the Author’s remarks 
on page 59 regarding the factor of safety in welded 
webs subject to combined loading and also on the 
effect of flexural rigidity of welded flanges on web 
stability. As the Author had commented on the 
large number of welded plate girders today and his 
remarks on the thickness of stiffeners rather seemed 
to apply to riveted stiffeners, would he specify any 
recommendation concerning flat welded stiffeners ? 


Mr. O. A. KERENSKyY (Member) said that he had 
read the paper with great interest, anticipating to 
find at last the answers to one or two vexed problems 
in the design of webs and stiffeners of plate girders, 
but he had been somewhat disappointed since more 
than half the paper was devoted to elastic buckling of 
webs and stiffeners due to pure shear, pure bending, 
and the combination of the two, and then halfway 
through the paper, the Author categorically stated 
that ‘‘in order to achieve a minimum weight design 
it is necessary to allow webs to operate in the post 
-buckled range’’ and proceeded to indicate some 
guiding rules for this type of design. Unfortunately, 
he did not elaborate the rules sufficiently to make 
them usable in a design office. In addition, there was 
no mention of the work of Dr. Brown on the design of 
post buckled webs which formed the basis of the new 
rules in the drafts of the revised B.S.153 and 449.2 


These rules were formulated and checked by a small 
sub-committee under the chairmanship of Dr. Weck 
and, as far as he knew, were the first of their kind in 
the world. They are based on the assumption that 
in structural practice all webs of plate girders are 
initially buckled and attempt to give allowable stresses 
such that the equivalent critical tensile stress (Huber- 
von Mises-Hencky Theory) in the buckle resulting 
from coexistent shear, bending and membrane stresses, 
does not exceed about 90% of the yield stress of the 
material. 

As the Author had avoided drawing comparisons or 


making critical comments on the proposed rules, 
Mr. Kerensky had tried to draw his own conclusions 
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and would be grateful if the Author would comment 
on them. His first conclusion was that the proposed 
allowable working shear stresses were safe and, if 
anything, conservative as far as the total carrying 
capacity of the web was concerned provided that the 
flanges were sufficiently stiff in the vertical plane. A 
debt was owed to the Author for pointing out this 
possible weakness, which appeared to have been 
missed by everybody else and as far as he knew the 
Author was the first person’ to draw attention to it. 


From equation 17 on page 56, it would appear that 
riveted girders with flanges consisting of angles and 
plates would generally be quite safe, but that in the 
case of welded girders the danger of premature collapse 
was real when flange plates were thin and the stiffeners 
were placed far apart. The results of Author’s further 
tests on the method of calculating the critical inertia 
of the flange to be used in equation 17 would now be 
awaited with interest. If the inertia of the plate 
alone was to be used as implied in the paper the 
restriction would appear to be extremely drastic. 


The Author appeared to be a little critical of the 
safety factor of 1.1 against yield in the crest of the 
buckle under combined action of maximum permissible 
shear and bending and considered that it would be 
safer to use 1.2. This was a matter of philosophy, 
but it should be pointed out that with the allowable 
stresses used up to now in the design of plate girders— 
i.e. 5-6 tons/sq. in. in shear and 9-10 tons/sq. in. in 
bending—the Mises-Hencky critical equivalent tensile 
stress would reach yield when the maximum permissible 
moment and shear were co-existent. Did not this 
precedent justify the acceptance of a similar limit 
in the buckle of the web, which would only be a very 
local condition ? 


The second conclusion was that the proposed 
required inertias of the vertical and horizontal stiffeners 
were safe and the stiffness of the vertical stiffeners 
was ample when they were combined with horizontal 
stiffeners, which was what had been aimed at. When 
the B.S. rules were drafted the horizontal stiffeners 
were to be introduced in this country for the first time 
and experience with their design was not available. 
The policy, therefore, had been to make the rules as 
simple as possible and yet amply safe. 


Finally, there was the question of whether the first 
horizontal stiffener should be placed on the neutral 
axis or at }$th depth from the compression flange. 
For pure shear, the former was more effective ; and 
for pure bending or a combination of bending and shear, 
the latter. 


As in the majority of cases bending and shear 
stresses were present together, the B.S.I. Committee 
had not thought it worth while to cater for the rare 
cases of pure shear, particularly as in inexperienced 
hands this recommendation would be unsafe, the 
danger being that too deep a panel of web subject to 
shear and bending stress would result. 

Mr. Kerensky endorsed the Author’s statement that 
research was needed to perfect the method of design 
of webs and of horizontal and vertical stiffeners. It 
was hoped that the Author would be able to find the 
time and the means to complete this task. 


Dr. A. R. Firnt, who added his congratulations to 
the Author on his many years of work which had 
borne good fruit, wished to comment on the influence 
that recent research by the Author and others had had 
on the revision of the Report on the Use of Aluminium 
Alloys in Buildings. This report had recently been 
under review by a committee of the Institutwon and 
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the problems of web buckling had been studied. The 
Author’s work had been carefully considered and had 
contributed to improvements in the Report. The 
design basis adopted was in part conservative when 
compared with that proposed in the paper for several 
reasons. 


Design shear stresses recommended in the Report 
were based on the critical (or buckling) stresses or on 
material shear proof and ultimate strengths. The 
basic design shear stress adopted for the structural 
alloy H 10 WP. was 5.0 tons per sq. in. which corres- 
ponded to a load factor of 2.8 on the ultimate and, 
using the von Mises-Hencky criterion, to about 1.85 
on the “yield’’ value. This latter contrasted with the 
figure of 2.4 quoted by the Author. These values 
of load factor were comparable to those of 3.0 and 1.45 
for mild steel webs. The argument of a “ reserve of 
strength’ beyond the proof stress for such alloys was 
untenable for H 10 WP. 


While realising that web buckling might not be 
serious until the critical stress was greatly exceeded it 
had been considered wiser to continue to employ design 
stresses based on the theoretical critical value. The 
load factor had been reduced to 1.5 on the onset of 
buckling, but the permissible stresses thus obtained 
were less than a half those recommended by the Author. 
It was felt that it was unsafe to allow stresses of 1.5 
times the critical value in all cases, because of the 
effects of unknown imperfections and of the non- 
linear behaviour of most alloys before reaching the 
0.1% proof stress. Neither of these was considered 
by the Author, whose tests were presumably conducted 
in the linear range with low comparison stresses. It 
would be of interest to have the Author’s comments 
on these matters, although the question of imperfections 
has been fully discussed elsewhere. 


With regard to the co-efficient, K, to be used for 
design purposes, Dr. Rockey had suggested that partial 
edge fixity be assumed in the case of riveted plate 
girders. The stresses proposed in the revised Report 
were based on this assumption and a load factor of 
2.0 for extruded or rolled beams or on simply supported 
edges and a factor of 1.5 for plate girders, which 
produced identical working stresses. This avoided the 
introduction of several formulae but was undoubtedly 
conservative as a result, except in a few instances. 


The Author’s work on riveted plate girders with 
flange angles suggested that flange flexibility was of 
importance in the post-buckling range. In the case 
of welded girders there would be very low flange 
stiffness and it would be implied by the curves in the 
paper that the critical stress could hardly be exceeded 
without serious results. Some experimental evidence 
was obtained from the tests carried out for the B.S.153 
Committee at Christchurch. There was no indication 
of a sudden increase in displacement beyond the 
critical stress and the measured surface stresses 
coincided in most cases with those predicted for 
infinite flange stiffness. This was considered to be 
due to the effect of flange and web acting together when 
bending transversely. It would be of interest to 
know whether the Author had tested idealised girders 
having no flange stiffness, in which for example, the 
web might be supported between, but not attached to, 
tongue plates. 


Mr. S. R. Banxs (Member) said that while to do 
so was almost supererogatory he wished to compliment 
the Author again on the single-minded pursuit of 
plate-girder phenomena which had now engaged him 
for some eight years and by which he had placed 
himself in the forefront of those expert in the subject. 


} 
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Mr. Banks recalled that the present Chairman in his 
Presidential Address had pointed to the fact that the 
development of a new material often posed problems 
the solution of which was applicable to older materials 
also; and he thought that the Author’s investigations, 
carried out in aluminium, formed an interesting case 
in point. 

He wished to ask three specific questions relating to 
the comparative behaviour of steel and aluminium in 
plate girders. The first concerned the aesthetic 
appearance. Would the fact that the modulus for 
steel was three times that for aluminium make it 
likely that buckle-waves in steel girders would be 
less apparent than in aluminium ones. 


Because of the limited equipment available the 
Author’s stiffeners had all been riveted or bolted with 
one leg flat against the web. There were advantages, 
as had been shown in one of the introductory lantern 
slides, in toe-welded stiffeners. These were obvious 
in steel construction; but with aluminium girders 
there arose the factor that when a stiffener—or for 
that matter a flange—was welded there would be a 
heat-affected zone somewhat weaker than the rest of 
the web. The degree of edge-support would be altered, 
and this in turn would affect the web-buckling 
behaviour. He thought the Author might comment on 
this. 


It is not always easy even in steelwork to decide 
whether to use a plate-girder or a truss. In fact in 
many cases the designer would not be able to say 
precisely why the choice had been made. When the 
material was aluminium, could the Author cite any 
factors that would influence the designer to make a 
different decision than he would with steel ? 


Reply to Discussion 


Dr. Rockey, in replying, thanked Sir Alfred for his 
remarks and said that it was both a pleasure and a 
privilege to address a meeting of the Institution. 
Sir Alfred had enquired whether he possessed any 
data regarding the change in wavelength of the buckles 
with increase in load. He had in his records, contour 
plots of the buckled webs of several dozen girders and 
shear panels and in view of the President’s comments 
he would most certainly prepare a report dealing 
with the changes which occur in the buckle patterns 
with changing load. He had found that the wave- 
length of the buckles varied in a manner very similar 
to that noted by both the President? and Dr. Leggett. 
He had tended to use the absolute depth of the buckles 
rather than the wavelength in his work because he 
considered that the latter was not so well defined and 
therefore involved more personal judgment. 


With regard to the appearance of the buckled webs, 
the survey which had been conducted at Swansea 
had involved an examination of the appearance of the 
webs of rather small girders. This meant that an 
observer was able to cover the whole of the web in a 
single glance and he considered that this was a more 
stringent test than would be involved in practice 
where, because of the size of the members, only a 
portion of the web could be examined in a single 
glance. He was therefore happy, as far as aesthetic 
considerations were concerned, for lateral deflections 
of up to the web thickness to occur, even when large 
girders were involved. : 


In reply to Mr. Landau, Dr. Rockey said that he 
too would have liked to have been able to have included 
in the paper more detailed comparison between his 
recommendations and those contained in current 
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specifications. However, to have done so in the present 
paper would have involved the omission of some of 
the background data, and rightly or wrongly, he had 
finally decided on the inclusion of the latter. However, 
most of his earlier papers did include such comparisons, 
many of which were not very favourable to current 
specifications here and abroad. He had hoped, as 
indeed as had happened, that the discussion would 
bring to the front many of the points of difference 
between his recommendations and those of other 
people. 


With reference to the expressions contained in 
equations (2), (3) (4) and (5), these empirical relation- 
ships were very similar in form to the theoretical 
relationships obtained by Stein and Fralich. There 
were however, differences in magnitude between the 
empirical curves and the theoretical curves, because 
the former were obtained from tests on webs which 
were clamped at their edges, whilst the theory was for 
the case of pin jointed edges. However, allowing for 
this, and the fact that the theory did not distinguish 
between the behaviour of single and double sided 
Stiffeners, the agreement was very good. In an 
earlier paper,® Dr. Rockey had in fact included curves 
which showed the comparison between the theoretical 
and empirical curves. 


Mr. Landau had also questioned why the inertia 
which a central horizontal stiffener should possess 
according to equation (7) is different from that which 
is obtained by adapting equation (4). The reason for 
this was due to the fact that for a web subjected to 
shear, the buckle formation in the longitudinal direction 
is different from that in the transverse direction. 
Stein and Fralich® in their excellent paper—dealing 
with the behaviour of webs subjected to shear and 
reinforced by vertical stiffeners, showed that the 
relationship between the shear buckling coefficient K 


and the parameter y ae 2T) varies considerably with 


Dd 
different wave patterns. 


In view of this, it was important that engineers 
should note that the formula which is given in the 
German Specification B.I.N. 4114 for the design of 
central horizontal stiffeners on webs subjected to 
shear has been obtained by simply adapting the 
formula for vertical stiffeners which is contained in 
the specification. 


Dr. Rockey thanked Mr. Landau for drawing 
attention to the fact that he had not discussed the 
requirement for stiffener inertia when both shear and 
bending stresses were present. There was only 
limited experimental evidence on this point and he 
personally subscribed to the view expressed by Pro- 
fessor Massonnet; that you determined the inertia 
required for the case of pure shear and pure bending 
respectively and used the larger of the values. It 
was clear however, that it was desirable that further 
experimental evidence be obtained to give guidance 
on this point. 

The rules for stiffener inertia contained in the German 
specification D.I.N. 4114 should at all times be used 
with caution. It had been clearly established that 
the formulae contained in the specification for the 
design of vertical stiffeners on webs subjected to shear 
provide very low values of y, for example considering 
the two cases when the vertical stiffeners are spaced 
at d and 0.5d, the D.I.N. 4114 formulae provide values 
of y which are only 0.09 and 0.30 respectively of the 
values required by equation (3). In addition Dr. 
Rockey had shown’ that for the case of a web subjected 
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to shear and reinforced by vertical stiffeners and a 
central horizontal stiffener, the interaction curves 
contained in D.I.N. 4114 provide unrealistic values 
for stiffener inertia. 


The laws for the design of horizontal stiffeners on 
webs subjected to bending were more reliable being 
based upon the theoretical papers by Massonnet and 
Dubas. It was recommended however, that the 
multiplying factors as proposed in section (VJ b) be 
employed. ‘ 

The empirical relationships given in equations (6), 
(7) and (8) were obtained for the special case when 
the vertical stiffeners were single sided and had a 
stiffness equal to that required by equation 4. The 
test programme from which these laws were obtained 
involved 143 different plate-stiffener combinations 
and eight different values of the aspect ratio b/d¢, 
covering the range 0.4 to 1.2. 


Dr. Rockey in reply to Professor Neal, said that he 
was glad to have the opportunity of expressing his 
appreciation of Professor Neal’s constant interest in 
his work. The discussions which he had had with 
Professor Neal since he had been Professor of Civil 
Engineering at Swansea had been both stimulating 
and profitable. Professor Neal had in a clear and 
concise manner examined the question of suitable 
load factors for normal plate girders in the light of 
the Institution’s Report on Structural Safety and the 
experimental evidence obtained from tests on plate 
girders by the writer and others. He was in full 
agreement with what Professor Neal had said and 
supported his suggestion that for the high strength 
alloys, the allowable shear stress should be 5.5 tons/in?. 
By employing this more realistic stress, it would be 
possible to develop a much more economical design 
procedure. 


Professor Neal had enquired about the effect of 
initial imperfections in a web. As soon as a web 
possessing an initial deformation is loaded, it will 
deflect laterally and the bending stresses and mem- 
brane stresses associated with buckling will occur at 
loads much lower than the buckling load. The greater 
the initial deformation, the larger will be the gain of 
deflection and the greater the bending and membrane 
stresses. It was because most welded girders have 
initial imperfections that he had suggested increasing 
the factor of safety against initial yield from 1.1 to 
By A 


Dr. Rockey thanked Mr. Boguslawski for his com- 
ments. He was most interested to learn of the develop- 
ments in plate girder design which were taking place 
on the Continent. The statement on Page 56, para- 
graph 2 of Section VII to which he referred, was based 
on the empirical curve given in figures 13 which was 
determined experimentally from tests on _ several 
dozen girders. 


Mr. Boguslawski had mentioned that a web deflection 
of only #; of the web thickness had occurred in a 
given girder. For the case quoted the operating 
stress would have been much lower than the buckling 
stress and therefore the lateral deflections of the web 
would have been expected to have been small. When 
dealing with very deep plate girders it would be 
necessary to employ several sets of horizontal stiffeners, 
especially when both shear and bending stresses were 
acting. This was necessary in order to keep the 
thickness of the web below 1in., which is desirable 
since the inertia required of the stiffeners varies 
directly as the third power of the web thickness. 


Dr. Rockey replying to Mr. Young said that on 
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examining figure 2, it would be noted that a reduction 
of y to 50 per cent of y,y involved a reduction in the 
value of K of some 15 per cent. The experimental 
results obtained when the size of the vertical stiffeners 
was varied whilst keeping the rigidity of the horizontal 
stiffeners constant at a value corresponding to 1.17y;y, 
had shown that the rigidity of the vertical stiffeners 
could be reduced to 66 per cent of the value y,y 
given by equation (4) before any significant change 
in the value of K was obtained and in fact had to be 
reduced to approximately 0.33y,y before the value of 
K was reduced by 15 per cent. The test had shown 
that vertical stiffeners designed according to equation 
(4) would act very effectively when used in conjunction 
with horizontal stiffeners and the empirical formulae 
given in equation (6), (7) and (8) were derived from 
tests where the vertical stiffeners had rigidity equal 
to that required by equation (4). 


When a web is loaded in shear, a great increase in K 
can be obtained by employing a horizontal stiffener 
at mid-depth in conjunction with vertical stiffeners. 
For example, if only vertical stiffeners are used and 
are placed at a distance de apart to form a square 
panel, then if it is assumed that all edges are simply 
supported, the critical shear coefficient K has a value 
of 9.34. If however, an effective horizontal stiffener 
is placed at mid-depth, the square panel is divided 
into two panels, the K value for each being 6.34 when 
used with respect to the reduced depth/thickness 
ratio of d¢/2_. Therefore with respect to the full do/t 
ratio, K has a value of 25.4, an increase of 170 per cent 
over that value obtained when only vertical stiffeners 
employed. Equation (8) provides values of K which 
lie between the theoretical values obtained when the 
panels are assumed to be either simply supported or 
clamped on all edges the empirical values approaching 
the simply supported edge values with decreasing 
values of the aspect ratio b/d. 


Mr. Young had quoted Wastlund and Bergman as 
reporting that at the critical load, the web deflections 
they obtained were never greater than the thickness 
of web. The lateral deflections of the web which 
occur at a load corresponding to the theoretical 
buckling load will depend upon the initial deformation 
in the web. If the web is initially plane then the web 
deflection will be very small, but if the initial web 
deformations are large these deformations will be in- 
creased considerably before the theoretical buckling 
load is reached, and could well exceed the plate thick- 
ness. 


The theoretical curves shown in figure 13 were 
derived assuming that the stiffeners were non-deflect- 
ing, that is assuming they had infinite bending rigidity. 
The experimental curve was obtained from tests where 
the vertical stiffeners had an inertia in excess of 
El, y. 


Mr. Young had compared the formulae for the 
design of stiffeners given in the present paper with 
those contained in D.I.N. 4114 and had noted certain 
differences. For a web subjected to pure bending the 
specification D.I.N. 4114 provides formulae for the 
design of horizontal stiffeners when these are placed 
at either 0.2d, and 0.25d, from the compression flange. 
The formulae for the 0.25d, position gives values 
equal to Massonnet’s theoretical values, but the 
formula for the 0.2d, provides some 20 per cent greater 
than Dubas’ theoretical values. The formulae in 
the present paper were based on the theoretical values. 


With regard to Mr. Young’s question regarding the 
thickness stiffeners should possess when these are toe 
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welded to the webplates, he would suggest that the 
web of any outstanding leg should not have a thick- 
ness less than one-twelfth of the outstand. | 


Dr. Rockey strongly supported Mr. Young’s view 
that when horizontal stiffeners are used in conjunction 
with vertical stiffeners these should be made con- 
tinuous or properly connected to the vertical stiffeners. 
He had much appreciated Mr. Young’s comments in 
view of his wide experience in the design of long span 
plate girder bridges. 


In reply to Mr. Kerensky, Dr. Rockey said that in 
preparing the paper he had endeavoured to present 
a fair survey of the existing state of knowledge ap- 
pertaining to the buckling of the webs and their 
subsequent behaviour and also to present the basis 
of a design procedure. He personally considered 
that the proposed design procedure could be used 
in a design office. He would agree that it was not so 
streamlined as the proposed B.S. 153 but it was a 
more general treatment and permitted the designer 
greater flexibility. 


The procedure contained in the proposed B.S. 153 
was a major advance on that contained in the existing 
B.S. 153 or B.S. 449 specifications and Mr. Kerensky 
and his co-authors Dr. Flint and Dr. Brown were to 
be congratulated on the result of their efforts. 


Mr. Kerensky had mentioned that no reference 
had been made to Dr. Brown’s work, the reason 
for this was simply that it was not possible to refer 
to all previous work on plate girders, to do so would 
have meant that the bibliography would have been 
several times its present size. 


The paper only quoted those researches which form 
the basis of the proposed design procedure. 


Mr. Kerensky had stated that the paper contained 
no comparison of the rules contained in the draft 
B.S. 153. The paper had, as far as the post buckled 
behaviour of webs subjected to shear was concerned 
shown that Leggett’s theoretical values and the 
experimental data were in reasonably close agreement, 
whilst Bergman’s theoretical values underestimated 
the effect of buckling. Bergman himself recognized 
this, as indicated by the statement quoted from his 
book which is on page 54. It is therefore somewhat 
disturbing to note that Mr. Kerensky and his co- 
authors when developing their design procedure had 
used Bergman’s theoretical relationships, without 
the correcting factor as suggested by Bergman him- 
self. This meant that the actual maximum stresses 
occurring at the crests of waves would be greater 
than was assumed in the development of the B.S. 153. 


In fact it could be shown that at the design stresses, 
parts of the web are loaded up to or beyond the yield 
stress of the material. For example, the proposed 
B.S. 153 permits a shear stress of 4.27 ton/in?. and 
a bending stress of 9.0 ton/in?. to act together when 
the d/t ratio is 180:1 and the vertical stiffeners are 
spaced at 1.5d. Assuming simply supported edges, 
and most investigators are of the opinion that with 
the typical flange to web connection used in welded 
construction the web receives only a pin jointed 
support, it can be shown that for these design stresses 
the web is operating at 1.91 times its buckling load. 
If the web was initially plane, the maximum web 
deflections would therefore be approximately 1.7 
times the plate thickness. In addition, on applying 
the empirical relationship given in figure 14, it will 
be found that for this combined loading of shear and 
bending the yield stress is exceeded at the crest of 
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‘the waves. Mr. Kerensky had stated that the draft 
| B.S. 153 is based on the assumption that all webs 
are initially deformed. If this is so, then in the case 
| under consideration the yield stress would be exceeded 
at loads well below the design stress and this would 
result in an even larger region of the web yielding 
than would occur in a plane web. It could be argued 
however that the flange does supply a certain amount 
of rotational restrain to the web and that the assump- 
tion of simply supported edges is conservative. This 
reserve of ‘safety’ is, in his opinion, more than offset 
by the effects of initial imperfection and the flexible 
nature of the customary welded flange. It could 
therefore be claimed that the stresses in draft B.S. 153 
are a little too high, this being the speaker’s personal 
opinion. He was however, fully aware of the mag- 
nitude of the Committee’s task and considered that 
members of the structural profession owed much to 
them for their efforts. 


The design laws for both vertical and horizontal 
stiffeners, whilst not in the form that Dr. Rockey 
would like, would be adequate. Mr. Kerensky had 
stated that for a loading of combined shear and bend- 
ing, the best position fcr a horizontal stiffener was 
at 3th depth from the compression flange. This was 
not strictly true since the actual position would 
depend upon the stress ratio T/o as indicated in 
figure 18. 


Dr. Rockey in reply to Dr. Flint thanked him for 
his kind remarks. He was very pleased to learn that 
in the Institution’s report on the Use of Aluminium 
Alloys in Buildings, the basic design shear stress 
for the structural alloy H1O0WP was 5.0 tons/in?. 
this being much higher than that permitted at present 
and close to the value suggested by Professor Neal 
in the course of the discussion. 


When preparing design specifications for Aluminium 
alloys, he thought that the ideal way was to follow 
the current American practice and to limit the design 
specifications to certain classes of alloys. The pro- 
posals he had made were in fact for the high strength 
alloys such as HIOWP or H30WP. Some of the 
other aluminium alloys, such as NS5, had a lower 
ratio of 0.1 per cent proof stress/ultimate stress and 
this meant that if the 0.1 per cent proof stress was 
not to be exceeded under operating conditions, the 
plate girder would have an excessive load factor 
based on collapse. If it was decided to operate 
beyond the 0.1 per cent proof stress, then the deter- 
mination of the critical stresses would be more difficult 
and only approximate values could be determined, 
especially when combined shear and bending occurred 


The problem of flange flexibility was still being 
considered. Dr. Rockey would like to correct the 
statement made by Mr. Kerensky in which he suggested 
that Dr. Rockey had been the first to note the problem, 
‘this was not true, it had in fact been considered by 
aeronautical engineers for some time, the most notable 
paper on the subject as far as tension field webs were 
concerned being that by Leggett and Hopkins.* 
He thought that Dr. Flint’s suggestion that a test 
be conducted in which the flange members only guided 


the web and were not attached to it was a good one. 


and he would most certainly carry out such a test 
in the near future. 


In reply to Mr. Banks, Dr. Rockey said that the 
fact that the modulus of aluminium was only one 
third that of steel meant that the design of aluminium 
girders had to be based upon a full understanding 
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of the buckling of stiffened plates. It was now 
possible to design an aluminium plate girder so that 
the full strength of the material could be utilized, 
Because of the lower modulus, it was necessary to 
employ smaller panels than with steel girders, because 
unless this was done it would be found that the aesthetic 
requirement became the limiting one not the strength 
requirement. 


Dr. Rockey had not tested any aluminium alloy 
girder of welded construction, in which, because of 
the heat treatment received during the welding process, 
there were areas of web adjacent to the welds which 
were weaker than the rest of the web. He would 
have thought that in such cases it would be necessary 
to assume that the panels received only a simple 
pin jointed support. 


In reply to Mr. Banks’ last question, Dr. Rockey 
thought that because the modulus of aluminium 
was only one third of steel, the design of column 
members in trusses became considerably more difficult 
and for that reason he considered that the plate girder 
would generally be preferred to the truss when using 
this material. There was a discussion on the relative 
merits of trusses and plate girder construction in 
Technical Notes 2661 and 2662 of the National Ad- 
visory Committee of Aeronautics, which might be 
of interest to Mr. Banks. 


THE CHAIRMAN, in concluding the discussion, said 
that some speakers had referred to the recorded failure 
of the flange of one of the test plate girders by inward 
bending when the webs were taken into the post buck- 
ling stage. This mode of failure had been foreseen 
by H. Wagner when developing his early tension 
field theory in Berlin. He foresaw also that this 
feature in the behaviour of a plate girder affected 
the economic choice between a plate girder and a 
lattice girder. The work by Wagner was published 
in. 1929. 
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ERRATA 


Page 51. Fig. 9. The vertical scale of Fig. 9 represents values 
of the coefficient IX and this letter K has been omitted, 


Page 59. - Equation 27 should read I=0.35t*d¢. 
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Institution Notices and Proceedings 


PRESIDENTIAL ADDRESS 


The Presidential Address for the Session 1958-59 
will be given by Mr. Gordon S. McDonald, M.I.Struct.E. 
M.I.C.E., M.I.Mun.E., at 11, Upper Belgrave Street, 
London, S.W.1, on, Thursday, 2nd October, 1958, 
at 6 p.m. 


FORTHCOMING MEETING 
Thursday, October 23rd, 1958 


At 11, Upper Belerave Street)” London,- S-W.1, 
Ordinary General Meeting for the election of members, 
5.55 p.m., followed by an Ordinary Meeting at 6 p.m., 
when a paper on “ Aluminium and Tubular Steel 
applied to the Construction of some recent Aircraft 
Hangars”’ will be given by Mr. L. E. Ward, 
MT Struct.E. 

Members wishing to bring guests to the Ordinary 
Meeting are requested to apply to the Secretary for 
tickets of admission. 


FIFTIETH ANNIVERSARY CONFERENCE 


The Fiftieth Anniversary Conference will be held 
in London on the 7th to 10th October, 1958. Members 
wishing to take part in the Conference who have not 
yet returned their completed Registration Forms 
are invited to do so as soon as possible. 


Official delegates from technical bodies in many 
parts of the world are attending the Conference. 
This will commence on Tuesday evening, 7th October, 
with a Reception at Londonderry House, Park Lane, 
by Mr. G. S. McDonald, who will be installed as Presi- 
dent of the Institution on the 2nd October, 1958. 
The Technical Sessions will be held on the mornings 
of Wednesday, Thursday and Friday, 8th-10th October. 
Tours of engineering interest will take place. Alter- 
native tours and visits of general interest are available 
and the programme includes a variety of social func- 
tions and entertainments. The Conference will termin- 
ate with a Banquet and Dance at the Dorchester, 
Park Lane, on Friday, 10th October. 


GOLD MEDAL OF THE INSTITUTION 


The Council have awarded the Institution Gold 
Medal to Professor Hardy Cross for his outstanding 
contribution to the science and art of structural 
engineering during the past forty years. 


EXAMINATIONS—JANUARY, 1959. 


The Examinations of the Institution will be held 
in the United Kingdom and overseas on Tuesday and 
Wednesday, January 6th and 7th, 1959 (Graduateship), 
and Thursday and Friday, January 8th and 9th, 1959 
(Associate-Membership). 


SPECIAL JUBILEE ISSUE, OF 
“THE STRUCTURAL ENGINEER” 


Copies of the Special Jubilee Issue of “‘ The Struc- 
tural Engineer ’’ which was published on the 21st 
July to mark the Fiftieth Anniversary of the Institu- 
tion are available, price 10s. 6d. (by post, 12s. 0d.), 
on application to the Institution of Structural 
Engineers, 11, Upper Belgrave Street, London, S.W.1. 


THE INSTITUTION OF STRUCTURAL 
ENGINEERS 
APPOINTMENT OF DEPUTY SECRETARY 


Applications are invited for the appointment of 
Deputy Secretary of the Institution of Structural 
Engineers, with a view to eventual appointment as 
Secretary. 


Applicants should preferably be corporate members 
of a Chartered Engineering Institution, have appropriate 
administrative experience and be between the age of 
35 and 50. 


The commencing salary will be from £1,800 to 
£2,000 per annum according to experience. 


The closing date for the receipt of applications is 
the 24th October, 1958. 


For further details apply to the Secretary of the 
Institution, 11, Upper Belgrave Street, London, S.W.1., 
the envelope to be marked “ Deputy Secretary.” 


LONDON GRADUATES’ AND 
STUDENTS SECTION 


The opening meeting of the Session will be held at 
11, Upper Belgrave Street, London, S.W.1. on Tuesday, 
14th October, when Mr. Johnson Marshall, A.R.I.B.A., 
A.M.T.P.I., will give a talk on “ Design of Cities.” 


Hon. Secretary: R. M. Amodia, B.E., 21, Wetherby 
Gardens, London, S.W.5. 


BRANCH NOTICES 


MIDLAND COUNTIES BRANCH 


The Annual Dinner and Ladies’ Evening will be 
held at the Botanical Gardens, Birmingham, on 
Saturday, 18th October. 


A Meeting of the Branch will be held at the James 
Watt Memorial Institute, Great Charles Street, Bir- 
mingham, on Friday, 24th October, at 6.30 p.m., 
when the Chairman’s address will be given by Mr. 
B. Ce. Britton, M:LStractibaak. RK. L.Gore beast 
be served from 5.45 p.m. 


Hon. Secretary: John R. Chaffer, M.I.Struct.E., 107, 
Jockey Road, Sutton Coldfield, Warwickshire. 


GRADUATES’ AND STUDENTS’ SECTION 


The first meeting of the Session will be held at the 
Birmingham Exchange and Engineering Centre, 
Stephenson Place, Birmingham on Friday, 3lst 
October, 1958, at 6.30 p.m., to hear Mr. Ove 
Arup; -C.B.E., MIng.F., ML Struct.h, - MTC 
on ‘Future Trends in Structural Engineering.” 
Tea will be served from 6 p.m. 


Hon. Secretary : F. A. Butterworth, “ Roscrea,” Tan- 
sey Green, Pensnett, Brierley Hill, Staffs. 
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LANCASHIRE AND CHESHIRE BRANCH 


CELEBRATION OF THE FIFTIETH ANNIVERSARY 
| OF THE INSTITUTION 


27 OCTOBER 1958 1 NOVEMBER 


INAUGURAL MEETING 
28th OCTOBER, 1958, 7.30. p.m. 


_A hot-pot supper will be held in the Refectory of the College of Science and Technology, Manchester 
at which the President will install the Branch Chairman, Dr. D. D. Matthews. 


SYMPOSIUM ON STRUCTURAL ENGINEERING 
WEDNESDAY, 29th OCTOBER, 1958 


Papers will be presented by 
PROFESSOR HARDY CROSS SIR RICHARD SOUTHWELL 
PROFESSOR’ SIR’ ALFRED* PUGSLEY 
with discussion by 


PROFESSORS J. A. L. MATHESON, W. MERCHANT and J. B. OWEN at 
THE COLLEGE OF SCIENCE AND TECHNOLOGY, MANCHESTER 
and at the UNIVERSITY OF MANCHESTER 


During the Symposium Professor Cross will be presented with the Gold 
Medal of the Institution in recognition of his contributions to structural 
engineering. 
ADMISSION LIMITED TO TICKET HOLDERS — SEE BELOW 


CIVIC RECEPTION 


The Lord Mayor and Corporation of the City of Manchester graciously invite members of the Branch 
to a Civic Reception in the Town Hall, on Wednesday, 29th October, 1958. 


ADMISSION BY INVITATION ONLY — SEE BELOW 


BANQUET 


The Annual Dinner of the Branch will be held on Friday, 3lst October, 1958 at the Midland Hotel, 
Manchester. 


EXHIBITION 


“THE DIVERSITY OF STRUCTURAL ENGINEERING ” 
to be held in the 
EXHIBITION HALL, COLLEGE OF SCIENCE AND TECHNOLOGY 
MANCHESTER 
10.30 to 7.30 Monday, 27 October to Friday, 31 October 10.30 to noon Saturday, 1 November 


FILMS TO BE SHOWN DURING THE MORNING, AFTERNOON AND EVENING 


Symposium: applications for registration (5s. in- Banquet : tickets (2 gns. each) from J. L. Robinson, 
cluding buffet lunch and transport between sessions) A.M.I.Struct.E., Department of Structural Engin- 
to M. D. Woods, A.M.I.Struct.E., 8, Dennison Road, eering, College of Science and Technology, Man- 
Cheadle Hulme, Cheshire. chester 1. 

Inaugural Meeting : tickets (5s.) from H. J. Dowling, Civic Reception : applications (Branch members only) 
A.M.1.Struct.E., 82, Station Road, Hadfield, nr. for limited invitation cards to J. L. Robinson at 


Manchester. the above address. 
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NORTHERN COUNTIES BRANCH 


A meeting will be held in the Neville Hall, New- 
castle, on Wednesday, Ist October, 1958, when the 
Chairman-Elect, Mr. D. W. Portus, M.I.Struct.E., 
will give an address. 


Mr. Portus will be installed as Chairman of the 
Branch on Tuesday, 21st October, 1958, at the Cleve- 
land Scientific and Technical Institution, Muiddles- 
brough, and will give his Chairman’s Address. 

The above meetings will commence at 6.30 p.m., 
preceded by buffet tea at 6 p.m. 

Hon. Secretary: H. W. Dowe, A.M.I.Struct.E., 2, 

The Crescent, Saltburn-by-the-Sea, Yorks. 


NORTHERN IRELAND BRANCH 


A.M.1.Struct.E., 
Kingswood Park, 


Hon. Secretary :  L. Clements, 
A.M.1.C.E., A.M.L.Mun.F., 3, 
Cherryvalley, Belfast. 


SCOTTISH BRANCH 


The opening meeting of the Session will be held 
at the Institution of Engineers and Shipbuilders, 39, 
Elmbank Crescent, Glasgow, on Monday, 13th October, 
at 7 p.m., when the Chairman’s Address will be given 
by Mr. W. Heigh, M.I.Struct.E. 


The Annual Dinner and Dance will be held at the 
Grosvenor Restaurant, Gordon Street, Glasgow, on 
Tuesday, 14th October, at 6.30 p.m. 


Hon. Secretary : W.G. Cantlay, B.Sc., A.M.I.Struct.E., 
A.M.I1.C.E., 3, Blairbeth Terrace, Burnside, Glasgow. 


SOUTH WESTERN COUNTIES BRANCH 


Fon. Secretary C7 ew oodrows, J. Ps = Elstow,’’ 
Hartley Park Villas, Mannamead, Plymouth, Devon. 


WALES AND MONMOUTHSHIRE BRANCH 


Hon..Secretary > Ki J. - Stewart, AM UStruct.k:, 
A.M.I.C.E., 15, Glanmor Road, Swansea. 


WESTERN COUNTIES BRANCH 


Hon. Secretary : A.C. Hughes, M.Eng., A.M.I.Struct.E. 
A.M.I.C.E., 21, Great Brockeridge, Bristol, 9. 
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YORKSHIRE BRANCH 


The opening meeting will be held at the Metropole 


Hotel, King Street, Leeds, on Wednesday, 15th October 
when the Chairman’s Address will be given by Pro- 
fessor R. H. Evans, C.B.E., D.Sc., Ph.D., M.I.Struct.E., 
M.I.C.E., M.I.Mech.E. The Address will be repeated 
at a meeting to be held at the Royal Victoria Hotel, 
Sheffield, on Thursday, 16th October. 


The above meetings will commence at 6.30 p.m., © 


preceded by buffet tea at 6.15 p.m. 


Hon:-Secretary: W. B. Stock, A.M.LStruct.E., 349 
Hobart Road, Dewsbury, Yorks. 


UNION OF SOUTH AFRICA BRANCH 


A. EB. Tare B:Sc., “AgMaES truciiie 
South 


Hon. Secretary : 
A.M.I.C.E., P.O. Box 3306, Johannesburg, 
Africa. 


During weekdays Mr. Tait can be contacted in the 


City Engineer’s Department, Town Hall, Johannesburg. — 


Phone 34-1111, Ext. 257. 

Natal Section Hon. Secreary: J. ©. Pantone 
A-M.I.Struct.Ei, A:MECG@:E., c/o. Doman sone 
(Africa) Ltd., P.O. Box 932, Durban. 

Cape Section Hon. Secretary: Kk. “Fy Nomm 
A.M.I.Struct.E., African Guarantee Building, 8, 
St. George’s Street, Cape Town. 


EAST AFRICAN SECTION 


Chairman: R. A. Sutcliffe, M.UStruct.E. 


Hon. Secretary: K. C. Davey, A.M.I Struct. Ey) 2.0: 
Box 30079, Nairobi, Kenya. 


SINGAPORE AND FEDERATION OF MALAYA SECTION 


The following Honorary Officers and Committee 
members have been elected for the Session 1958-59 ;— 
Chairman : Mr. T. Karmakar. 


Hon. Secretary : Mr. -W.., -N... Cursitor, “B.sc, 
A.M.I.Struct.E., c/o Redpath Brown & Co. Ltd., 
P.O. Box 648, Singapore. 

Acting Hon. Secretary: Mr. Chin Fung Kee, Depart- 
ment of Engineering, University of Malaya, Singa- 
pore, 10. 

Hon. Treasurer : Mr. G. C. Chou. 

Commuttee : Messrs. Lee Tuh-Fuh, Albert P.C. Wong, 
K. N. Lekshmanan, Tan Chin Thye, Tsang Foh 
Kwei, Neoh Poh Choon, H. S. Bull, Wee Soo Bee. 
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Extra Tentor sizes! 


These two new larger bar sizes mean that the 

Tentor range is now extended to cover the demands of nearly 

all concrete reinforcement jobs. 

Consider the maximum tensile stress for Tentor Bars, 

now 30,000 lbs. (CP.114, 1957). That gives a 

saving of 15 % of the cost of mild steel rounds. And the maximum 

compressive stress, now 23,000 lbs./sq.in., gives a cost 

for Tentor still generally less than that for mild steel bars. 

‘Deliveries are made to suit contract programmes cut to length or 

bent to schedules. 

Stock service is available from London, Birmingham, 
igan and Sheffield. 


TENTOR Regd. Trade Mark 


So 


Supphers 


B.R.C. STEEL LTD., 

Silkmore Lane, Stafford. 

Stafford 444, and Branch Offices. 

G.K.N. REINFORCEMENTS LTD., 
197 Knightsbridge, London, S.W.7. 
KEN 6311. 

McCALL & CO. (SHEFFIELD) LTD., 
P.O. Box 41, Sheffield. 

Rotherham 2076, and Branch Offices. 
STEEL, PEECH & TOZER LTD., 
Branch of the United Steel Companies Ltd., 
The Ickles, Sheffield. 

Sheffield 41011, and Branch Offices. 


_ Th e 
Company Limited 
197 Knightsbridge, London, S.W.7. KEN 6311 
- Telegrams : Tentored Leadon 5.W.7 
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DO YOU BUY THE 


Which are the best welding electrodes? In the words of 
the philosopher, it all depends on what you mean by best. 
Best for your welders? Best for the job? Or best for your 
company? Best from the welder’s point of view are 
electrodes giving ease of manipulation, speed of deposition, 
minimum spatter and easy slag removal. Best for the job 
are good mechanical properties, absence of undercut and 
welds of neat and regular appearance. Best from your 
company’s point of view are high quality electrodes at a 
competitive price backed by good service. 


When selecting the most suitable electrode for the job 
many engineers find it best to rely on their own practical 
experience and that is why most of them select the Murex 
“Fastex 5” electrode as the best general purpose electrode 
for the welding of mild steel. 


APPLICATIONS AND ADVANTAGES 


The two main features which make the “‘Fastex 5” type 
the most popular electrode with welders are its smooth 
running properties and ease of operation. Added to 
these features are the advantages of self detaching slag 
and the very neat appearance of the weld deposit. The 
electrode is therefore eminently suitable for general 
fabrication work, particularly where horizontal fillet 
welding is required. The deposited metal can be hot 
forged. 


There is little loss due to spatter and weld cleaning 
operations are reduced to a minimum. Asa result of the 
correct distribution of heat between molten slag and weld 
metal the control of weld contour is easily obtained when 
using heavy gauge electrodes so that comparatively small 
fillet welds can be made with consequent saving in the 
cost of production. 


The 14 S.W.G. electrode is particularly suitable for 
welding light gauge sheet metal, especially for making 
fillet welds. Also as touch welding is relatively easy to 
carry out, the “Fastex 5” electrode is an ideal type for 
initial training in welding. 


Although primarily designed for flat and horizontal 
vertical welding, the “‘Fastex 5” electrode can be used in 
other positions. This is why it is so useful as a general 
purpose electrode for so many different applications. It 
is also fully approved by all the main approval authorities. 
In short, it is the best electrode for most jobs. 


BEST ELECTRODES? 
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A typical application of Murex ‘Fastex 5” electrodes, An 
all-welded integral body frame of a multiple unit diesel train 
designed and built by D. Wickham & Company Limited, 
Ware, Herts. 


APPROVALS — Approved by the Admiralty for use on mild 
steel and DW quality steel in all positions. 


Approved by Lloyd’s Register of Shipping for use in all positions. 
Accepted by the Ministry of Transport for use in all positions. 


Approved by Ministry of Supply, F.V.R.D.E. Specification 
1050/1V. 


Approved by the American Bureau of Shipping for use on mild 
steel in all positions. 


Approved by Det Norske Veritas for use in all positions. 
Complies with B.S. 639:1952 Parts 1 and 2, and B.S. 538:1940. 
The electrode also complies with the requirements of A.I.D. 


“FASTEX 5’”—the best electrode for most jobs 


MUREX WELDING PROCESSES LTD., Waltham Cross, Herts. 


Tel: Waltham Cross 3636 
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The widest range 
of structural steel 
sections in Europe 


‘UNIVERSAL’ 


PLUS 
BRITISH 


CEPTIANNG 
Me ) Lu ff Wit oD 


Sections from our new Universal Beam mill 
range from the much needed ‘H’ sections 6 in. by 


6 in. up to the largest beams in Europe. 


These sections, available in different ‘weights’ 
giving different load-carrying capacities, eliminate 


much plating and compounding of girders. 


In addition to Universal Beams, the mill can roll 


British Standard sections. 


The illustrations show interesting comparisons 


on the same scale. 


The red beam is 24 in. by 74 in., the largest of 
the British Standard range; the yellow beam is 
24 in. by 12 in., hitherto the largest rolled in this 
country, but now available in three weights: 
160, 120 and 100 lb. per foot; the blue beam is 
36 in. by 164 in., the largest in Europe, and is 
available in two weights, 260 and 230 lb. per foot. 


Equally valuable are the new ‘families of 
columns’, which, like the beams, avoid the need 


for flange plating. 


The little white section is the B.S. 3 by 14 in. 
(4 lb.), to the same scale as the others and is the 


smallest I section rolled by us. 
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LeBus Engineered Spooling 
Systems can he supplied 
and fitted under licence 
with LeBus International 
(Engineers) Inc., of 
Longview Texas, U.S.A. 
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for saleor hire 


Extreme Left: Woodfield 7/100 Top Right: Diesel driven single 
Universal Pile Driver, with drum hoist. Capacity 20 cwt., for 
telescoping 100 ft. leader and general purposes. 

powered on all motions. Bottom Right: Double drum diesel 
Centre: Pile Pitching with a stan- driven piling winch: Capacity 5 tons. 
dard Woodfield 50 ft. Raking Pile 

Frame with 15 ft. extension. 


Woodfield are licencees in the United Kingdom for the 

manufacture and sale of Drilling and Production 

Equipment in association with IDECO, Inc., of Dallas, 
Texas, U.S.A. 


WOODFIELD ROCHESTER LTD. 


FRINDSBURY WORKS - ROCHESTER - KENT 
Phone : STROOD 78421 Grams: Woodfield Telex, Rochester 
London Office: 147 Victoria Street, S.W.| 
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Pont OE aS 


}CUNTHORPE : LINCOLNSHIRE 


JNITED STEEL STRUCTURAL COMPANY LIMITED 


Radio telescope at Jodrell Bank built 
by United Steel Structural Company 


Bowl diameter—z250 ft. 


Height of towers—180 ft. THE UNITED 
Weight of structural steelwork—t1,800 tons NTH 
Consulting engineers: Husband & Company COMPANIES Lt? 
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GATWICK AIRPORT 


for Ministry of Transport 


and Civil Aviation 


ae : : a ef 
me ICT 
MEAL Tae EE gana ron ae 


Metal windows supplied and fixed to Ist floor of 
the Pier, G.P.O. Block and Boiler House and Metal 
Ventilator Inserts to the cladding to the Terminal 


Building. 
i} 
\ M 3 i f OW } S & C O i TD Consulting Engineers: Frederick Snow & Partners 
® 2 Architects. Messrs. Yorke, Rosenberg & Mardall 


SHEFFIELD LONDON OLDHAM Main Contractors: Turriff Construction Co. Ltd. 


RUSSELL 


Horizontal Table Type. 


32/38 Angular Type ““Hydrofeed” S. RUSSELL & SONS LTD, LEICESTER, ENGLAND 


BACKED BY OVER 40 YEARS SPECIALISED EXPERIENCE 


SR 581 


Ore Store, 
purification and blending 
buildings at Springfield Uranium 
Plant, Lancashire. 


Photograph by courtesy of 


United Kingdom Atomic Energy Authority. 


THE TEES SIDE BRIDGE 
& ENGINEERING WORKS LTD. 
BDLESSROUGH 
: 56 Victoria Street, $.W.1 


t : bd 


| Tees Side 


‘COOPER’ 


rams: 
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SHEFFIELD 


Westminster, $.W.| 


Telephone Nos. TRAfalgar 1167/8/9 


Telegrams: SIMPILESCO WESPHONE LONDON 
PROPRIETORS THOS. W. WARD LTD 
EFFINGHAM NUT & BOLT WORKS 


Phone: 41026 


CAST IN SITU 


i 
i 


Bridge Street, 
S.E.16. 


call for 
BETTER & MORE * 
LASTING FINISHES 
Let us quote you for \ 
SHOT BLASTING 
prior to priming 
or preferably— 
SHOT | 
BLASTING & 
METAL 


HIGHER COSTS 


SIMPLEX CONCRETE PILES LTD 


Palace Chambers, 


\ Saue : 


a 


PIONEERS OF 


& METAL SPRAYING CO. LTD. 
SILWOOD_ST., BERMONDSEY, LONDON, 
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Tel: BERMONDSEY, 1131 


Cy 


| September, 1958 


DAWNAYS 
STEEBW ORK 


Specialists in the design 
fabrication and erection of riveted 
and welded steel-framed structures 

of every description 


DAWNAYS LIMITED 


BRIDGE & STRUCTURAL ENGINEERS 


STEELWORKS RD., BATTERSEA, LONDON, S.W.11. 
Telephone: BATTERSEA 2525 (10 lines) 


ALSO AT: SWANSEA CARDIFF * WELWYN GARDEN CITY ~ NORWICH » HULL 
SOUTHAMPTON * PETERBOROUGH *» ROMFORD » VICTORIA STREET, S.W.|1 
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\ McKiernan-Terry hammers are already well known 


\ for their ability to drive piling of all types. 


; | They are equally suitable for rock-breaking and 


| demolition on land or under water. 
A 


\ 
\ 


_ In the illustration a long chisel, fabricated fron 
\ 


broad flange beams and devised by the 


Mersey Docks and Harbour Board, is used 


with a 10 B3 Hammer for cutting 


through a 4 ft. thickness of concrete in tide 


water at a maximum depth of 34 ft. 


Photograph by courtesy of the 


Board's Engineer-in-Chief. 


THE BRITISH STEEL PILI 
COMPANY LIMITED 


10 HAYMARKET LONDON S.\ 
TELEPHONE: TRAFALGAR 102 


_of strata. 


| September, 1958. . 


COMPLETE 


SITE INVESTIGATION 


Field Tests . Soil Sampling and Analysis 


The service provided jointly by Pre-Piling 


Surveys and Duke & Ockenden covers 


the whole field of site investigation and 
ground testing. 


The unique Pre-Piling deep penetration 
tests yield a continuous record of the 
variations in bearing value and character 
All cavities and pockets are 
exactly located. 


Duke & Ockenden are specialists in boring 
for all purposes, soil sampling for labora- 
tory analysis and the provision of full 
geological reports. Their DANDO cable 
percussion and rotary drilling equipment 
is well known in all parts of the world. 
Weareconfident that architects, engineers 
and surveyors will find in this co-operative 
service an unequalled source of systematic, 
exhaustive survey, accurate data, adapta- 
bility and economy. 


£ PRE-PILING SURVEYS 


Tel. ABBey 4925 


DUKE & OCKENDEN | 


Tel. ABBey 6338 


DaNDo 


28 VICTORIA STREET, 
WESTMINSTER, S.W.1 


Works: Ferry Wharf, Littlehampton. Tel.: Littlehampton 6 


Contractors to the Admiralty, War Office, Air Ministry, 
Crown Agents, British Railways, Public Works 
Authorities 


el 
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OFFICIAL APPOINTMENTS 


BRITISH Railways—Western Region. Applications are invited 
for two posts of Senior Engineering Assistants in the Civil 
Engineering Department at Paddington Station, experienced in 
the design of girder bridges. Workshop experience desirable. 
Salary range £1,015-£1,065. Travel concessions, holidays with 
pay, prospects of promotion and permanency, membership of 
Superannuation Fund.—Apply stating age, previous experience, 
etc. to Chief Civil Engineer, B.R. Western Region, Paddington 
Station, W.2. 


BRITISH Railways—Western Region. Applications are invited 
for the post of Engineering Assistant in the Civil Engineering 
Department at Paddington Station, experienced in design of 
prestressed and reinforced concrete bridges and other structures. 
Salary range {916-£956. Travel concessions, holidays with pay, 
prospects of promotion and permanency, membership of Super- 
annuation Fund.—Apply stating age, previous experience, etc. 
to Chief Civil Engineer, B.R. Western Region, Paddington 
Station, W.2. 


Required by 
BRITISH RAILWAYS 
TECHNICAL ASSISTANTS 


experienced in design and detailing of 
concrete and/or steel structures. 


reinforced 


Salary £809 to £956 according to experience and 
qualifications. Five day week. Residential travel 
and other travelling concessions available. 
Superannuation Scheme. 


Applications to :— 
Chief Civil Engineer, 
London Midland Region (Ref. 68), 
Euston Grove, 
London, N.W.1. 


ee 


CITY and County of Newcastle upon Tyne City Architect’s 
Department. Applications are invited for the post of Senior 
Structural Engineer in the City Architect’s Department in 
Scale ‘B’, at a salary of £1,210 per annum rising by annual 
increments to a maximum of {1,440 per annum. Applicants 
should preferably be Associate-Members of the Institution of 
Structural Engineers or the Institution of Civil Engineers. The 
officer appointed will be responsible for the preparation of cal- 
culations and detailed structural schemes for steel and rein- 
forced concrete framed buildings, and experience in dealing with 
problems of special foundations will be an advantage. The 
above appointment will be subject to the provisions of the Local 
Government Superannuation Acts, 1937-53, and to three month’s 
notice on either side. The successful candidate will be required 
to pass a medical examination.—Further particulars and Forms 
of Application may be obtained from George Kenyon, A.R.I.B.A., 
A.M.T.P.I., City Architect, 18, Cloth Market, Newcastle upon 
Tyne 1. John Atkinson, Town Clerk, Town Hall, Newcastle- 
upon Tyne 1. 


D.S.I.R. requires two Scientific Officers (Ref. E.274/8A) and 
three Assistant Experimental Officers (Ref. E275/8A) at the 
Road Research Laboratory, Harmondsworth, Middx., in the 
Colonial Section which advises Overseas Governments on road 
and traffic engineering and undertakes research into road prob- 
lems of overseas territories. Opportunities of visits overseas. 
Facilities available for obtaining wide knowledge and experience 
of road engineering at home and abroad. S.O.1. Civil Engineer 
for construction and maintenance of low cost roads, Soil Stabili- 
sation, and bituminous surfacing materials. 2. Physicist for 
traffic engineering, with special reference to overseas problems, 
A.E.O. Two men will join the group concerned with soil prob- 
lems in road construction overseas, and will be initially members 
of a small team investigating the mechanism of moisture move- 
ments in soils under roads. One man will be concerned with 
work on traffic and safety. Quals. S.O. Ist or 2nd Hon. degree 
in appropriate subject A.E.O0. G.C.E. (Advanced) in Physics and 
one other science or maths subject. Over age 22 pass degree, 
H.N.C. in Physics, or equivalent generally expected. Salary 
S.O. in range £615-£1,080 (men). Normal prospects of promotion 
to P.S.0O. (range up to £2,000) in mid thirties. A.E.O. 
£377 10s. Od. (age 18)-£825 (men). Opportunities for promotion 
to E.O. (up to £1,160) and S.E.O. (up to £1,555). Women 
slightly less. Five day week, good leave allowance.—Forms 
from M.L.N.S., Technical and Scientific Register (K), 26, King 
Street, London S.W.1, quoting appropriate reference. Closing 
date 15th September, 1958. 
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OFFICIAL APPOINTMENTS—continued 


LONDON County Council Architect's Department. Vacancies 
for Engineering Assistants (up to £860) and Engineers, Grade III 
{up to £1,090) in: (a) Structural Engineering Division—Exten- 
sive Programme Includes Multi-Storey Flats, Schools, Offices, 
Warehouses and other buildings, and (b) District Surveyors’ 
Service in districts coinciding with one exception, with Metro- 
politan Borough Boundaries. Work mainly outside involving 
negotiations with Architects, Engineers and Surveyors and 
supervision of works in progress. Good prospects in both of 
these aspects of the Council’s work.—Application form and 
particulars from Hubert Bennett, F.R.1.B.A., Architect to the 
Council, The County Hall, Quoting Ref. AR/EK/37/58. (1429). 


L.C.C. BRIXTON SCHOOL OF BUILDING 
Ferndale Road, S.W.4. — Telephone BRI 0944 


DECORATION AND PAINTING 


Courses for the examinations of the Incorporated 

Institute of British Decorators and Interior Designers 

and for the National Diploma of Design. 

FULL TIME AND PART-TIME DAY COURSES 
commence on 8th September, 1958. 


Evening Courses—Enrolment 15th-19th September, 
1958. 

commence on 22nd September, 1958. 

(1033) 


THE Manchester College of Science and Technology. A vacancy 
exists in the Structural Engineering Department of the College 
for a Senior Technician in connection with a proposed computing 
service for structural engineers. Duties will include the coding 
and preparation of data tapes and the operation of the Mercury 
computer at Manchester University. The successful candidate 
should have a good structural background; a knowledge of 
computing is not necessary. Salary within the Senior Techni- 
cian’s Grade £670-£715.—Applications giving full details to be 
sent to the Chief Engineer and Works Superintendent, The 
Manchester College of Science and Technology, Manchester 1. 


CLASSIFIED ADVERTISEMENTS 


From January, 1958, the rate per word will be 
increased from 8d. to 1/- 


2 in. Semi Disptay £6 Os. Od. 
RATES 3 in. - £8 10s. Od. 
4 in. a £11 Os. Od. 


- SITUATIONS VACANT 


CONSULTING Engineers require Senior Designer and Detailing 
Draughtsmen. Applicants must be fully experienced in R.C. 
multi-storey framed construction. Good salaries and excellent 
prospects.—J. H. Coombs & Partners, Thames Corner, Sunbury- 
on-Thames, Middlesex. 


CONSULTING Structural Engineers require experienced R.C. 
detailers and designer detailers for variety of structures. High 
salaries paid to experienced men. Five day week: pension 
scheme.— Applications in strict confidence, stating full details 
of experience and salary required to Alan Marshall and Partners 
73/74, High Holborn, W.C.1. . 


CONSULTING Structural Engineers require Senior Engineer to 
design R.C. and steel structures and supervise detailing. Varied 
and interesting work. Five day week; pension scheme.— 
Apply stating full details of experience and salary required to 
Alan Marshall and Partners, 73/74, High Holborn, W.C.1. 


CONSULTING Engineers require Senior Structural Engineer for 
design. Special knowledge of reinforced and _pre-stressed 
concrete an advantage.—Apply giving details of qualifications, 
experience and salary required Box No. 9003, strucruRAL 
ENGINEER, 43a, Streatham Hill, S.W.2. 
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ATOMIC ENERGY 
SIMON-CARVES LTD., 


have vacancies in their 


DESIGN OFFICES at ERITH (KENT) 


on civil engineering design work of reactors for nuclear 


power stations for : 


(a) CIVIL ENGINEERS (Ref. DB.6). Applicants must be 


Civil Engineering graduates and have sound design experience of re- 
inforced concrete and structural steel. 


(b) DESIGN/DRAUGHTSMEN (Ref. DB.7). Applicants 
must have sound experience of reinforced concrete and structural steel 


design. 


. These posts are permanent and pensionable and offer excellent prospects for 
good men. Salaries in accordance with experience and qualifications. Good 


working conditions, five-day week, and three weeks’ annual holiday. 


Send relevant details to Staff and Training Division, SIMON-CARVES 
LTD., Cheadle Heath, Stockport, Cheshire, Quoting the appropriate 


reference. 


a | 


CONCRETE ENGINEERS 


wanted for the design and detail of precast concrete 
frame buildings, capable of handling a project from 
sketch plans to finished details. Commencing salary 
£1,000—£1,200 per annum for qualified men— 
A.M.1.Struct.E. or A.M.I.C.E.—of proved experience 
and ability, preferably over 30 years of age. Considera- 
tion will be given to younger or less qualified men. 


There is a Pension Scheme giving benefits com- 
parable with the ‘top-hat’ principle, and attractive 
Bonus and Shareholding Schemes after a qualifying 
period of service. Assistance is given if removal is 
necessary. Existing holiday arrangements will be 
allowed to stand. 


The job offers opportunity in a progressive and 
expanding Company working on a system of construction 
which is in the forefront of modern development. 
Write giving full details of age, experience and 
qualifications to 

W. Dickinson, A.M.I.Struct.E., 
Technical Director, 
Concrete (Northern) Ltd., 
Stourton, 
Leeds, 10. 


E. J. Cook & Co. (Engineers) Ltd., have a vacancy for a Structural 
Steelwork Detailer/Designer who would like an opportunity to 
gain or improve his experience in Reinforced Concrete Detailing 
and Design.—Applications to 54, South Side, Clapham Common, 
S.W.4. (Phone—MAC 5522). 


QUALIFIED Civil and/or Structural Engineer required by 
Consulting Engineers in British West Indies. Must be capable of 
taking responsibility and of working on own initiative-—Reply 
giving full details of experience to Box No. 9001, stRUCTURAL 
ENGINEER, 43a, Streatham Hill, S.W.2. Interview will be | 
arranged in London. 
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SLASSIFIED ADVERTISEMENTS—continued 


_ 


DEVELOPMENT ENGINEER (STRUCTURAL) 


tequired by The Steel Company of Wales Ltd., (Steel 
Division), in their Civil Engineering Department. 
The successful candidate will be responsible to the 
Senior Civil Engineer and will be required to prepare, 
design and estimate structural steel work schemes for 
heavy industrial building extensions and general steel 
structures. He will also investigate the strength of 
existing structures for new load requirements and 
should be able to conduct discussions on the above 
subjects at Managerial level. 


Experience in the design of heavy industrial building 
structures and supervision of draughtsmen is desirable. 


Qualifications required—Higher National Certificate 
Structural Engineering, preferably A.M.I.C.E., 
A.M.I.Struct.E. or degree in structures. 


The above position is permanent and pensionable. 


Those wishing to apply should write giving full details 
of age, experience, present salary, and any further 
information considered necessary to :— 


Superintendent, Personnel Services, 
The Steel Company of Wales Ltd., 
(Steel Division), 
Abbey Works, 
Port Talbot, Glam. 


SS ee 


REINFORCED Concrete Designers and Detailers with sound 
< ee of framed structures are required for some interesting 
rojects. The conditions are good and progress is assured for 
ound men who are able to accept responsibility.— Apply for an 
fe aegped to E. J. Cook & Co. (Engineers) Limited, 54, South 
ide, London, S.W.4. 


REINFORCED concrete designers and detailers required in 
a London consulting engineers’ office. Telephone MACaulay 
477. 


REINFORCED CONCRETE 
ENGINEERS 


require 
SECTION LEADER 


Able to design various structures and to supervise 
detailing. Work covers a wide range of structures, 
and offers good prospects for men with previous experi- 
ence. Good salary, profit sharing, and pension schemes. 
Five-days’ week in modern office. Write in confidence, 
giving full details, to Square Grip Reinforcement Co., 
Ltd., Ashmead Road, Keynsham, Bristol. 


REINFORCED Concrete Designer—Draughtsman preferably 
with some steelwork design required by Consulting Civil Engi- 
neers. A wide variety of work is available. Pension Scheme.— 
Applicants should state age, experience and qualifications to ; 
Bertram Done and Partners, 55, Cross Street, Manchester 2. 


REINFORCED Concrete Designer required in British West 
(Indies, age 22-28, preferably with pre-stressed concrete experience. 
—Reply giving full details of experience. Interview will be 
arranged in London Box No. 9002, STRUCTURAL ENGINEER, 
43a, Streatham Hill, S.W.2. 


REINFORCED Concrete Engineers require Senior Designer/ 
Draughtsmen for London Head Office. Applicants must be 
tully conversant with all aspects of insitu and precast work, 
including multi-storey frames, etc. Interesting and progressive 
positions. Five-day week, pension scheme.—Write Box No. 
9004, STRUCTURAL ENGINEER, 43a, Streatham Hill, S.W.2. 


SENIOR Engineer required by firm of London Consulting Engi- 
neers for interesting work on multi-storey buildings. Only 
those with experience in R.C. need apply.—Box No. 9000, 
STRUCTURAL ENGINEER, 43a, Streatham Hill, S.W.2. 
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HOT DIP GALVANIZING 


process is an efficient rust proofing 
treatment for steelwork. 


Joseph Ash & SON iro. 


Rea Street South, Birmingham, 5 - MIDland 2441-2 


London Office: 
225 Westminster Bridge Road, Telephone: 
London, S.E.1 WATerloo 4682 


Fabricators of light constructional steelwork, platework, industrial 
tanks, pressed steel gutters 


WANTED fully qualified Structural Engineer as Reinforced 
Conrete Designer-Draughtsman, capable of leading and taking 
charge of a section in an expanding precast, Prestressed Concrete 
Works at Wythenshaw, Nr. Manchester——Apply in confidence 
to the Managing Director, Fram Reinforced Concrete Co. Ltd., 
165, Plymouth Grove, Manchester, 13. 


YOUNG Structural Engineer required to develop structural 
steelwork connections in London and the Home Counties, 
representing first-class, well-equipped, medium-size manufac- 
turer in the North. Established connections with architects, 
consulting engineers and civil engineering contractors an advan- 
tage.—Box No. 0899, STRUCTURAL ENGINEER, 43a, Streatham 
Hill, S.W.2. 


TUITION 


GUARANTEED Coaching for Inst. Struct. Engrs., Inst. Civ. 
Engrs., Inst. Mun. Engrs., etc. Study at home under highly 
qualified tutors with most successful school. Also courses in all 
aspects of Building, Engineering, Draughtsmanship, etc.—Write 
for Free book—International Correspondence Schools, 71, Kings- 
way (Dept. 423), London, W.C.2 


FOR HIRE 


LATTICE Steel Erection Masts (light and heavy), 30 ft. to 
150 ft. high for immediate hire.—Bellman’s, 21, Hobart House, 
Grosvenor Place, S.W.1. (’Phone : SLOane 5259.) 


20 TON Lorry Mounted Crane. 30ft.-80ft. boom with 15ft. 
fly jib available for short or long term hire any area. Arup 
& Arup Ltd., Colquhoun House, Broadwick Street, W.1. Ger- 
rard 2708 or 3653 
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CLASSIFIED ADVERTISEMENTS—continued 
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FOR SALE 


DISPOSAL OF REDUNDANT MACHINERY 


(a) One 30” roll turning lathe, 


Makers : 
Jota: 


Brightside Foundry and Engineering Co. 


Commissioned 1921/22. 


(b) One 1}” x 10 ’ motor driven side cut plate shears, 


beam Sided. 


rivets. 


type. Double 
Hopper feed. 


#, in. Between uprights 96 in. 


Max. combined thickness punched in. 


4 


For all 


Max. dia. of rivet 


Weight about 1 ton. Photo 


etc. F. J. Edwards Limited, 359, Euston Road, London N.W.1, 


EUSton 4681, 


Makers : John Musgrave & Sons, Limited. 
Commissioned 1927/28. 


(c) One 1}” x 9” motor drive bar shears. 
Makers : John Musgrave & Sons, Limited. 


All the items are now out of commission and cannot 
therefore be viewed in working condition, 
and (b) are completely dismantled in pieces. 
taking out of production, both items (b) and (c) were in 
our 7f{t. 
satisfactorily and are in reasonably good mechanical 


continuous use on 


condition. 


shear 


line, 


DE BERGUE No. 34A., 
Machine for sale. 
Items (a) 
Prior to in 1” plate at one stroke. 
matic feed. Unused condition. 
operating 
Euston Road, London, N.W.1. 


The roll lathe, although of old design, is in good work- 


ing order. 


For further information, apply by letter to : 
APPLEBY-FRODINGHAM STEEL COMPANY 
Ref. P/EB. SCUNTHQRPE, Lincs. 


High Holborn, London, W.C.1. 


Capacity 7’ 3” wide xX 31” long. 
punch 18 holes 4%” diameter in }” plate or 6 holes 1 ,j,” diameter 
Punching pressure 425 tons. 


Will 


Auto- 
Weight about 424 tons.— 


Illustration and full details from F. J. Edwards Ltd., 359, 


Enquiries should be 


: Page 
Ash, Joseph & Co, Ltd, 45 
Arrol, Sir William & Co. Ltd. 13 
Associated Lead Manufacturers Export Co, Ltd. 4 
Bannister, Walton & Co. Ltd. 15 
Booth, John & Sons (Bolton) Ltd. V1 
British Reinforced Driictite Eng. Co. Cover IV 
British Oxygen Gases Ltd, 21 
British Steel Piling Co, Ltd 42 
Broom & Wade Ltd. 14 
Butterley Co. Ltd., The 8 
Cement Marketing Co, Ltd, 16 
Cementation Co, Ltd., The 10 
Cooper, George & Sons 40) 
Dawnays Ltd, 4) 
Dickens, Stuart B., Ltd. 9 
Dorman Long Ltd. 5 & 35 
Douglas, Robert M. (Contractors) Ltd. .. 12 
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14 


Page Page 
Dow-Mae (Products) Ltd, a ye meas Rubery Owen & Co. Ltd. me i ie: 
Farrow, Howard Ltd. ie i Pe ge |9) Russell, S. & Sons Ltd. .. iG ce oats oS 
Findlay, Alex & Co. Ltd. & ye, aes 0 South Durham Steel & Iron Co. Ltd. ., Rea f:) 
Franki Compressed Pile Co. Ltd, cu Ka oA Simplex Concrete Piles Ltd. ae ae va a 
Ground Explorations Ltd. Ae Fir ma wa Skinningrove Iron Co. Ltd. 17 
Hill, Richard Ltd. Cover II , ‘ . 
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McCall & Co, Ltd. Mie rus sr hah ee. United Steel Co. Ltd. 23 & 37 

Mellowes & Co, Ltd. ie “fe wv 0 OS 
Ward, Thos. W. Ltd, a wi AY see 1 

Murex Welding Processes Ltd, ., rr i>, Be 

Sdwe 50. Ltd, 9 AY or 

Peirson & Co, Ltd. i F a as 2 ds co Abaaleallake 4 
Pre-Piling Surveys Ltd, .. oa s hehe Woodfield Rochester Ltd. fu ‘ee og 
Pressure Piling Co, (Parent) Ltd., The ee] Wright Anderson & Co, Ltd, Cover III 


4 
“ ERCO” Punching and Riveting Machine for sale, No. 244, 
Pneumatic. 
Will do both or separate operations, 


types of 


% 


Automatic Geared Multiple Punching 


THE Proprietors of British Patent No. 701958 which relates to’ 
metal connections for building frames, are desirous of exploiting 
the invention by way of licence or sale. 
addressed to Andrews & Byrne, 201, Bank Chambers, 329, 


September, 1958 
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Whether the output is to be Kiddie Kars or 
Kilowatts—the location Kilmarnock or Kittimac, if 
the building is to be in steel Wright Anderson 
will see the job through from inception to completion. 
Our reputation has been built within the solid 
framework of dependability and meticulous attention to 
detail on a firm foundation of world wide experience. 


WRIGHT ANDERSON & CO. LTD. 


CONSTRUCTIONAL ENGINEERS AND BRIDGE moa Re 


G.P.O. BOX 2, GATESHEAD, CO. DURHAM ibe 
eruiraicisy Tel: Gateshead 72246 (3 lines). Grams: ‘‘CONSTRUCT Gateshead” 
London Office: Regent House, Kingsway, W.C.2. Tel: HOLborn 9811 
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